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PREFACE. 


IN  1807  a  Survey  detachment  was  deputed  by  the  Surveyor  General  of  Bengal  to 
explore  the  source  of  the  Ganges :  this  was  the  first  expedition  to  the  Himalaya 
undertaken  for  purely  geographical  purposes.  A  hundred  years  have  now  elapsed,, 
during  which  geographical  and  geological  information  has  been  steadily  accumulating 
and  we  have  at  length  reached  a  stage  where  there  is  a  danger  of  losing  our  way  in  a 
maze  of  imclassified  detail :  it  is  therefore  desirable  to  review  our  present  position,  to 
co*ordinate  our  varied  observations  and  to  see  how  far  we  have  progressed  and  what 
directions  appear  favourable  for  future  lines  of  advance. 

The  present  paper  originated  in  a  proposal  submitted  by  the  Survey  of  India  to 
the  Board  of  Scientific  Advice  at  the  meeting  of  the  latter  in  May  1906.  The  proposal 
was  as  follows  : — *^  The  number  of  travellers  in  the  Himalaya  and  Tibet  is  increasing, 
**  and  a  wider  interest  is  being  evinced  by  the  public  in  the  geography  of  these  regions.. 
^^  It  19  therefore  proposed  to  compile  a  paper  summarising  the  geographical  position  at 
"  the  present  time. ' ' 

Subject  to  the  modification  that  the  scope  of  the  paper  should  be  geological  as 
well  as  geographical,  this  proposal  has  received  the  sanction  of  the  Government  of 
India  and  the  work  has  been  entrusted  to  us  to  carry  out.  On  the  understanding  that 
the  paper  is  intended  primarily  for  the  use  of  the  public,  we  have  endeavoured  to 
avoid  purely  technical  details  and  to  present  our  results  in  a  popular  manner. 

Our  subject  has  fallen  naturally  into  four  parts,  as  follows  : — 

Part      I. — The  high  peaks  of  Asia. 
Part    II. — The  principal  mountain  ranges  of  Asia, 
Part  III. — The  rivers  of  the  Himalaya  and  Tibet. 
Part   IV. — The  geology  of  the  Himalaya. 

Though  the  four  parts  are  essentially  interdependent,  each  has  been  made  as  far 
as  possible  complete  in  itself  and  has  been  published  separately.  The  first  three  parts 
are  mainly  geographical,  the  fourth  part  is  \vholly  geological :  the  parts  are  subdivided 
into  sections,  and  against  each  section  in  the  table  of  contents  is  given  the  name  of 
the  author  responsible  for  it. 


ii  PREFACE. 

The  endeavour  to  render  each  part  complete  must  be  our  apology  for  having  re- 
peated ourselves  in  more  places  than  one :  the  relations,  for  instance,  of  a  range  to  a 
river  have  been  discussed  in  Part  II,  when  the  range  was  being  described,  and  have 
been  mentioned  again  in  Part  III  under  the  account  of  the  river* 

As  the  mountains  of  Asia  become  more  accurately  surveyed,  errors  wiU  doubtless 
be  found  in  what  we  have  written  and  drawn :  it  is  not  possible  yet  to  arrive  at  correct 
generalisations  and  we  have  to  be  content  with  first  approximations  to  truth. 

Maps,  too  large  for  insertion  in  sach  a  volume  as  this,  are  required  for  a  study  of 
the  Himalayan  mountains :  the  titles  of  maps  illustrating  the  text  are  given  in  foot- 
notes and  are  procurable  from  the  Map  Issue  Office  of  the  Survey  of  India  in  Calcutta. 
Constable's  hand  atlas  of  India  will  be  found  useful. 

We  are  much  indebted  to  Babus  Shiv  Nath  Saha  and  Ishan  Chandra  Dev,  b.a.,  for 
the  care  with  which  they  have  checked  our  figures  and  names,  and  to  Mr.  J.  H.  Nichol 
for  the  trouble  he  has  taken  to  ensure  the  correctness  of  the  charts.  Mr.  Eccles  and 
Major  Lenox  Conyngham  have  been  kind  enough  to  examine  aU  proofs,  and  to  give 
us  the  benefit  of  their  advice  and  suggestions.  Mr.  Eccles  has  also  supervised  the 
drawing  and  printing  of  the  charts,  and  we  have  profited  greatly  by  the  interest  he  has 
shown  in  them. 

We  have  also  to  express  our  indebtedness  to  Messrs.  T.  D.  LaTouche  and  C.  S. 
Middlemiss  for  their  Icind  assistance  in  examining  proofs  of  Part  IV. 

S.    G.   BURRARD. 

H,  H.  Hatpen. 
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PREFACE 


IN  1807  a  Survey  detachment  was  deputed  by  the  Surveyor  General  of  Bengal  to 
explore  the  source  of  the  Ganges :  this  was  the  first  expedition  to  the  Himalaya 
undertaken  for  purely  geographical  purposes.  A  hundred  years  have  now  elapsed^ 
during  which  geographical  and  geological  information  has  been  steadily  accumulating 
and  we  have  at  length  reached  a  stage  where  there  is  danger  of  losing  our  way  in  a 
maze  of  unclassified  detail :  it  is  therefore  desirable  to  review  our  present  position,  to 
co-ordinate  our  varied  observations  and  to  see  how  far  we  have  progressed  and  what 
directions  appear  favourable  for  future  lines  of  advance. 

The  present  paper  originated  in  a  proposal  submitted  by  the  Survey  of  India  to 
the  Board  of  Scientific  Advice  at  the  meeting  of  the  latter  in  May  1906e  The  pro- 
posal was  as  follows : — "  The  number  of  travellers  in  the  Himalaya  and  Tibet  i& 
"  increasing,  and  a  wider  interest  is  being  evinced  by  the  public  in  the  geography  of 
"  these  regions.  It  is  therefore  proposed  to  compile  a  paper  summarising  the  geographi- 
"  cal  position  at  the  present  time. ' ' 

Subject  to  the  modification  that  the  scope  of  the  paper  should  be  geological  as 
well  as  geographical,  this  proposal  has  received  the  sanction  of  the  Government  of 
India  and  the  work  has  been  entrusted  to  us  to  carry  out.  On  the  understanding 
that  the  paper  is  intended  primarily  for  the  use  of  the  public,  we  have  endeavoured 
to  avoid  purely  technical  details  and  to  present  our  results  in  a  popular  manner. 

Our  subject  has  fallen  naturally  into  four  parts,  as  follows: — 

Part  I. — The  high  peaks  of  Asia. 
Part  II.— The  principal  mountain  ranges  of  Asia. 
Part  III. — ^The  rivers  of  the  Himalaya  and  Tibet. 
Part  IV. — The  geology  of  the  Himalaya. 

Though  the  four  parts  are  essentially  interdependent,  each  has  been  made  as  far 
as  possible  complete  in  itself  and  will  be  published  separately.  The  first  three  parts 
are  mainly  geographical,  the  fourth  part  is  wholly  geological :  the  parts  are  subdivided 
into  sections,  and  against  each  section  in  the  table  of  contents  is  given  the  name  of  the 
author  responsible  for  it. 


PREFACE 

The  endeavour  to  render  each  part  complete  must  be  our  apology  for  having 
repeated  ourselves  in  more  places  than  one :  the  relations,  for  instance,  of  a  range  to  a 
river  have  been  discussed  in  Part  II,  when  the  range  was  being  described,  and  have 
been  mentioned  again  in  Part  III  under  the  account  of  the  river. 

As  the  mountains  of  Asia  become  more  accurately  surveyed,  errors  will  doubtless 
be  found  in  what  we  have  written  and  drawn :  it  is  not  possible  yet  to  arrive  at  correct 
generalisations  and  we  have  to  be  content  with  first  approximations  to  truth* 

Maps,  too  large  for  insertion  in  such  a  volume  as  this,  are  required  for  a  study  of 
the  Himalayan  mountains :  the  titles  of  maps  illustrating  the  text  are  given  in  foot- 
notes and  are  procurable  from  the  Map  Issue  Office  of  the  Survey  of  India  in  Calcutta. 
Constable's  hand-atlas  of  India  will  be  foimd  useful. 

We  are  much  indebted  to  Babus  Shiv  Nath  Saha  and  Ishan  Chandra  Dev,  b.a.,  for 
the  care  with  which  the)''  have  checked  our  figures  and  names,  and  to  Mr.  J.  H.  Nichol 
for  the  trouble  he  has  taken  to  ensure  the  correctness  of  the  charts.  Mr.  Eccles  and 
Major  Lenox  Conyngham  have  been  kind  enough  to  examine  all  proofs,  and  to  give 
us  the  benefit  of  their  advice  and  suggestions.  Mr.  Eccles  has  also  supervised  the 
drawing  and  printing  of  the  charts,  and  we  have  profited  greatly  by  the  interest  he  has 
shown  in  them. 

S.    G.  BURRARD. 

H.  H.  Hayden. 

March  1907. 
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Chart  VJil. — Panorama  of  the  Himalaya  between  the  Ganges  and  Sutlej 
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THE  PRINCIPAL  PEAKS  AND  THEIR  ALTITUDES. 


IN  the  earlier  stages  of  geographical  investigation  the  most  important  features  of 
a  mountain  mass  are  the  high  peaks.  They  may  be,  it  is  true,  but  slight  promin- 
ences of  lofty  ranges  and  they  may  possess  perhaps  no  geological  significance  :  but  they 
are  conspicuous  and  definite  points;  they  are  the  only  moimtain  features  that  can 
be  observed  with  accuracy  from  a  distance ;  and  the  determination  of  their  positions 
and  heights  is  the  first  step  of  the  ladder  of  geographical  knowledge.  When  this  step 
has  been  taken,  further  progress  becomes  possible ;  the  peaks  can  be  made  the  basis 
of  subsequent  surveys ;  the  courses  of  rivers  and  the  positions  of  lakes  can  be  laid  down 
with  regard  to  them ;  the  trends  and  forms  and  magnitudes  of  the  ranges  can  be 
inferred  from  the  distribution  of  the  peaks. 

In  the  following  tables  i  to  v  all  the  peaks  of  Asia  that  have  been  foimd  to 
exceed  24000  feet  in  height  are  catalogued  in  order  of  magnitude  :  their  geographical 
positions  are  shown  in  the  five  corresponding  charts,  numbered  also  i  to  v.*^ 

Table  L — ^Peaks  of  the  first  magnitude  exceeding  28000  feet  in  height. 


Reference 
nninber 
of  Peak. 

Name  or  symbol. 

Height 

Nnmber 

of 

stations 

from 

which  the 

height  was 

observed. 

Latitude. 

Loiigitacle.t 

Momitain  range. 

feet 

O        f        » 

o       /       * 

1 

Uount  Everest 

29002 

6 

27  69  16 

86  66  40 

Nepal  Himalaya 

2 

K* 

28250 

9 

36  62  55 

76  30  61 

Earakoram 

3 

1 

Einchinjonga  I 

28146 

9 

27  42    9 

88    9    0 

Nepal  Himalaya 

I 


^  Those  peaks  only  have  been  inoloded  the  heights  of  which  are  known  with  fair  aoouraoy.    Fsaks  the 
heig^tB  of  whkh  have  been  oonjeotnred  by  ezploren  to  exceed  24000  feet  have  been  omitted. 

t  The  values  of  longitude  are  based  on  the  determmation  of  the  difference  between  Greenwich  and  Madraa 
made  in  1894-96,  and  are  not  those  hitherto  accepted  by  the  Survey  of  India. 
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PREFACE 


IN  1807  a  Survey  detachinent  was  deputed  by  the  Surveyor  General  of  Bengal  to 
explore  the  source  of  the  Ganges :  this  was  the  first  expedition  to  the  Himalaya 
undertaken  for  purely  geographical  purposes.  A  hundred  years  have  now  elapsed^ 
during  which  geographical  and  geological  information  has  been  steadily  accumulating 
and  we  have  at  length  reached  a  stage  where  there  is  danger  of  losing  our  way  in  a 
maze  of  unclassified  detaU :  it  is  therefore  desirable  to  review  our  present  position,  to 
co-ordinate  our  varied  observations  and  to  see  how  far  we  have  progressed  and  what 
directions  appear  favourable  for  future  lines  of  advance. 

The  present  paper  originated  in  a  proposal  submitted  by  the  Survey  of  India  to 
the  Board  of  Scientific  Advice  at  the  meeting  of  the  latter  in  May  1906.  The  pro- 
posal was  as  follows : — "  The  number  of  travellers  in  the  Himalaya  and  Tibet  ia 
"  increasing,  and  a  wider  interest  is  being  evinced  by  the  public  in  the  geography  of 
**  these  regions.  It  is  therefore  proposed  to  compile  a  paper  summarising  the  geographi- 
"  cal  position  at  the  present  time. ' ' 

Subject  to  the  modification  that  the  scope  of  the  paper  should  be  geological  as 
well  as  geographical,  this  proposal  has  received  the  sanction  of  the  Government  of 
India  and  the  work  has  been  entrusted  to  us  to  carry  out.  On  the  understanding 
that  the  paper  is  intended  primarily  for  the  use  of  the  public,  we  have  endeavoured 
to  avoid  purely  technical  details  and  to  present  our  results  in  a  popular  manner. 

Our  subject  has  fallen  naturally  into  four  parts,  as  follows: — 

Part  I. — The  high  peaks  of  Asia. 
Part  II.— The  principal  mountain  ranges  of  Asia. 
Part  III. — ^The  rivers  of  the  Himalaya  and  Tibet. 
Part  IV. — The  geology  of  the  Himalaya. 

Though  the  four  parts  are  essentially  interdependent,  each  has  been  made  as  far 
as  possible  complete  in  itself  and  will  be  published  separately.  The  first  three  parts 
are  mainly  geographical,  the  fourth  part  is  wholly  geological :  the  parts  are  subdivided 
into  sections,  and  against  each  section  in  the  table  of  contents  is  given  the  name  of  the 
author  responsible  for  it. 


THE  HIGH  PEAKS  OF  ASIA. 


Table  VI. — Some  well-known  peaks  the  heights  of  which  are  less  than  24000  feet. 


1 

Number 
of 

Befetmce 

atationa 

number 

Name    in  oommon  uae. 

Height. 

from 

Latitude. 

Longitude.* 

Mountain  range. 

ofPenk. 

which  the 

height  waa 

oUiBrTed. 

feet 

Off 

O        /          ^      , 

1 

76 

Api 

23399 

3 

30    0  22 

80  55  57     Nepal  Himalaya 

77 

Badrinath 

23190 

5 

30  44  16 

79 .  16  52     Eumaun  HimaUya 

78 

Bandarpunch 

20720 

5 

31    0  12 

78  33  17 

Eumaun  Himalaya 

79 

GhumaUiari 

23930 

2 

27  49  39 

89  16  15 

Assam  Himalaya 

80 

Ghumunko 

17310 

4 

27  27  31 

88  47  12 

Nepal  Himalaya 

81 

Dayabhang 

23750 

2 

28  15  22 

85  31    9  1  Nepal  Himalaya      | 

82 

Deotibba 

20410 

5 

32  12  51 

77  23  54 

Punjab  Himalaya 

83 

Dubnnni 

20154 

1 

35  57  23 

74  38    5 

Kailas 

84 

Diinagiri 

23184 

4 

30  30  57 

79  52    4 

Eumaan  Himalaya 

86 

Gangotri  t 

21700 

3 

30  52  58 

78  52  14 

Eumaun  Himalaya 

86 

Gardhar 

21140 

1 

32  55    7 

76  42  48  1  Punjab  Himalaya 

87 

Gaurisankar  % 

23440 

6 

27  57  52 

86  20  16     Nepal  Himalaya 

88 

Jaonli  §        . . 

21760 

1 

30  51  17 

78  51  25     Eumaan Himalaya 

89 

JibjibiaEast  ^ 
JibjibiaWest  j  « 

21839 

2 

28    7  41 

85  52  16     Nepal  Himalaya 

90 

22876 

2 

28  10  25 

85  46  51     Nepal  Himalaya 

91 

Kailaa 

22028 

2 

31    4    2 

81  18  50     EaUas 

92 

Kaulmann 

23000 

•  • 

39  18  20 

72  50    3 

Trans  Alai 

93 

Eedarnath 

22770 

6 

30  47  53 

79    4    7 

Eumaun  Himalaya 

94 

Kharchakund 

21695 

1 

30  46  46 

79    7  47 

Eumaun  Himalaya 

95 

Leo  Pargial  N.  1  ^ 
LeoPargialS.J  " 

22210 

2 

31  54    8 

78  44  39 

Zaskar 

96 

22170 

2 

31  53    5 

78  44    5 

Zaskar 

97 

Lonkho 

22641 

2 

36  46  36 

72  26  16 

Hindu  Eush 

98 

Met  or  Kana  || 

23250 

2 

34    0  48 

76    3  22 

Pimjab  Himalaya 

99 

Nampa 

22162 

4 

30    0  37 

81    0    3 

Nepal  Himalaya 

100 

Nandakna 

20700 

2 

30  20  56 

79  43    9 

Eumaun  Himalaya 

101 

Nandakot 

22510 

3 

30  16  51 

80    4  11 

Eumaun  Himalaya 

102 

Narsing 

19130 

4 

27  30  40 

88  17    2 

Nepal  Himalaya 

103 

Nilakanta 

21640 

3 

30  43  52 

79  24  28 

Eumaun  Himalaya 

104 

Panch  Ohulhi 

22650 

3 

30  12  51 

80  25  41 

Eumaun  Himalaya 

105 

Pandim       ..        * 

22010 

8 

27  34  38 

88  13  10 

Nepal  Himalaya 

106 

Pauhunri 

23180 

2 

27  56  56 

88  50  39 

Nepal  Himalaya 

107 

Sargaroin 

20370 

2 

31     6    8 

78  30    4 

Eumaun  Himalaya 

108 

Ser  or  Nana  ♦♦ 

23410 

6 

33  58  56 

76    1  31 

Punjab  Himalaya 

109 

Simvo 

22360 

2 

27  40  44 

88  14  38 

Nepal  Himalaya 

110 

Srikanta 

20120 

4 

30  57  25 

78  48  22 

Eumaun  Himalaya 

111 

Tengri  Kkan 

23600 

•  • 

42  24  10 

80  16  43 

Tian  Shan 

112 

Tharlasagar 

22610 

2 

30  51  41 

78  59  45 

Eumaun  Himalaya 

113 

Trisul  East 

22320 

4 

30  16  14 

79  52  24 

Eumaun  Himalaya 

114 

Trisul  West 

233C0 

7 

1 

30  18  43 

79  46  40 

Eumaun  Himalaya 

♦Th©^ 

^Ines  of  longitude  are  based  ox 

k  the  determiiMtioii  o 

f  the  difierenoe  between  Greenwich  andMadraa 

made  in  18 

94-96,  and  are  not  those  hither 

to  accepted  by  the  Su 

rvey  of  India. 

t  The  twin  of  Jaoi 

ilL 

f  Twina. 

X  Double-peaked. 

II  The  twin  of  Ser. 

i  The  twin  of  Gan 

gotri. 

•♦  The  twii 

I  of  Mnr. 
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NOTES  ON  CERTAIN  OF  THE  GREAT  PEAKS. 


Mount  Everest. 

The  elevation  of  Mount  Everest  was  first  observed  in  1849,  but  its  height  was 
not  computed  till  1852.  Though  half  a  century  has  elapsed  since  its  discovery  and  the 
mountains  of  Asia  have  been  continually  explored  in  the  interval,  no  second  peak  of 
29000  feet  has  been  found.  There  is  but  little  probability  now  of  a  higher  peak  than 
Moimt  Everest  being  discovered  and  even  the  prospect  of  finding  new  peaks  of  27000 
or  26000  feet  is  becoming  remote. 

Some  geographers  have  held  that  peaks  higher  than  Mount  Everest  were  standing 
behind  it  to  the  north,  but  their  opinion  was  not  founded  on  trustworthy  observations, 
and  when  Major  Ryder  traversed  Tibet  along  the  Brahmaputra  in  1904  he  passed 
80  miles  north  of  Mount  Everest  and  found  no  peak  approaching  it  in  height. 

Three  panoramas  showing  the  outline  of  Mount  Everest  are  included  in  chart  vi.* 
Owing  to  the  objections  of  the  Nepalese  Government  Mount  Everest  cannot  be 
approached  by  surveyors  from  the  side  of  India  within  80  miles,  and  the  trigono- 
metrical  observations  that  have  been  made  of  the  Everest-Makalu  group  of  peaks 
have  been  carried  out  under  great  disadvantages.  The  following  description  of  Mount 
Everest  is  taken  from  a  report  by  Colonel  Tanner  rf 

'*  The  outline  of  Everest  is  rather  tame  than  otherwise ;  it  ia  fairly  sharp  and  has  a  long  snowy 
"  slope  on  its  north-east  flank,  the  south-east  being  precipitous.  Peaks  of  22000  feet  and  thereabouts 
*^  encircle  its  southern  base,  and  below  them  are  seen  many  outlines  of  dark  mountain  masses  which 
"  are  without  snow. 

*'  From  due  south,  near  the  Kosi  river  in  the  Bhagalpur  district,  Everest  is  by  no  means  a  marked 
''  feature  in  the  landscape ;  its  southern  face  has  but  190  feet  of  snow,  below  which  the  mouctain 
<*  falls  for  4000  to  5000  feet  in  a  series  of  crags  of  very  dark-coloured  rock,  only  here  and  there  dashed 
'"  and  streaked  with  snow,  below  which  are  snow  fields  and  broken  masses  of  rock  intermingled 
with  snow  and  nkvL  When  the  atmosphere  is  not  very  transparent  the  sharp  tip  is  seen  as  a 
mere  floating  white  speck,  the  rock  below  it  being  almost  exactly  of  the  colour  of  the  sky  and  there- 
"  fore  invisible. 

''  The  southern  face  of  Everest  from  a  near  point  of  view  is  doubtless  wild,  and  its  cliffs  must 
be  very  lofty,  but  the  great  distance  from  which  it  is  viewed  renders  this  aspect  of  the  mountain 
uninteresting.  In  fact,  from  the  south,  Everest  has  all  the  appearance  of  a  very  moderate  hiU,  not 
in  the  least  imposing  and  hardly  picturesque.  It  is  interesting  only  because  by  trigonometrical 
"  operations  its  summit  has  been  found  to  rise  up  further  from  the  general  level  of  the  earth's 
'*  surface  than  that  of  any  other  point." 

*  The  panooMmaa  from  liahadeo  Pokra  and  Kaulia  wore  drawn  bj  Captain  H.  Wood,  1UE.>  in  1903  s  those  from 
Darjeeling  and  Sandakphn  by  Captain  Harman,  R.R,  in  1882.  Major  Ryder's  description  of  Mount  Everest  as  seen 
from  Tibet  will  be  found  in  the  Qeographieal  Journal,  Vol  zzvi.  '*  It  stands  alone, ' '  he  wrote,  **  in  magnificent 
**  solitude.**  There  is  no  doubt,  whatever,  that  the  peak  observed  by  Ryder  from  Tibet  was  the  same  peak  as  had  been 
fixed  by  the  Q.  T.  Survey  from  Bengal 

t  Oenerdl  Eeportj  Survey  of  India,  1883-84. 
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Peak  K2. 

The  great  altitude  of  peak  K^  was  first  discovered  in    1868   by   trigonometrical^ 
observations.    '*  It  was  across  the  plains  of  Deosai,"  wrote  Colonel  Montgomene,  **  from. 
**  Haramnkh  that  I  took  the  first  observation  to  peak  K^  at  a  distance  of  137  miles." 
K'  is  described  by  Colonel  Godwin- Austen  as  follows :  '  *  K^  is  a  conical  mass  with 
sides  too  steep  to  allow  the  snow  to  rest  on  them  long :  it  lies  therefore  only  in  large  - 
patches  and  stripes  on  the  fissured  surface. ' ' 

Sir  Martin  Conway  writes  that  K^  has  a  double  summit,  which  he  has  seeii' 
on  several  occasions.  Colonel  Godwin-Austen,  however,  believes  it  to  be  single- 
peaked.* 

KiNCHINJUNGA. 

K'  has  always  been  supposed  to  be  the  second  highest  mountain  on  the  earthy, 
but  its  height  does  not  differ  much  from  that  of  Kinchinjunga,  and  we  cannot  yet 
state  with  certainty  which  is  the  higher  of  the  two.f 

The  following  extract  is  from  Colonel  Tanner's  report  for  1883-84 : — 

Einehinjniiga  is  a  better  known  mountain  than  any  in  the  Himalaya,   and  it  is  perhaps, 
with  one  exception,  the  grandest  in  the  whole  range.    It  is  regarded  by  the  permanent  residents 
of  Darjeeling  with  admiration  that  never   palls,    and  although  it  is  constantly,  in  clear  weather, 
a  prominent  ohject  in  their  front,  the  beholder  is  never  wearied  of  studying  the  great  snow  slopes 
**  and  ice  fields  is^hich  cover  its  sides. 

^'  The  aspect  of  the  mountain  has  many  phases  which  constantly  alter  its  appearance  from  day 
**  to  day.    It  is  seen  to  best  advantage  when  its  base  is  veiled  in  a  delicate  curtain  of  clouds,  so  that« 
*'  the  imagination  is  allowed  to  magnify  the  part  which  is  hidden  from  view. 

'*From  Darjeeling  and  from  Sandakphu  Eabru;}:  appears  as  a  straight-topped  and 
*'  uninteresting  ridge  of  snow,  standing  slightly  away  from  the  central  peaks  of  Eonchinjunga,  but  at 
"  a  distance  of  100  miles  from  points  in  the  Pumea  district  of  Bengal  a  telescope  reveals  the  fact  that 
"  the  face  of  Eabru  presented  towards  Darjeeling  is  only  one  side  of  a  huge  snow-clad  tableland 
"  (24000  feet),  quite  smooth  at  the  top  with  a  very  slight  slope  down  to  the  westward.  Eabru  is 
"  connected  with  the  second  highest  peak  of  Einchinjunga  (27803  feet)  by  a  ridge,  the  very  lowest 
"  depression  of  which  has  an  altitude  of  22100  feet." 

In  1883  Mr.  W.  W.  Graham  claimed  to  have  climbed  Kabru,  but  his  claim  has 
been  disputed  by  many  authorities,  though  recognised  by  others.  Colonel  Tanner 
thought  that  Graham  had  mistaken  a  lower  peak  for  Kabru. 

Although  the  snow -line  in  Sikkim  is  lower  than  in  the  Western  Himalaya  and 
Karakoram,  there  are  more  naked  spots  on  the  slopes  of  Einchinjunga  than  at  similar 
altitudes  on  E'  and  Nanga  Parbat. 

The  outline  of  Einchinjunga  as  seen  from  Darjeeling  is  shown  in  chart  vi. 


it 

€€ 


*  Oeographdeta  Jowmal,  VoL  lU,  pages  431  and  627. 

t  Survey  of  India,  Professional  Paper  No.  9, 1905.     Annual  Report  of  ihe  Board  of  SdenHfie  Advice  for  India^ 
1906-06. 

%  Vide  table  v. 
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Makalu. 

A  rock  basin  filled  with  glacier-ice  is  situated  near  the  summit  of  Makalu  and 
gives  a  striking  appearance  to  the  peak. 

In  1853  before  trigonometrical  observations  had  been  taken  Captain  Sherwill  wrote 
of  Makalu : — 

*'  One  mountain  in  the  Nepal  range  is  a  most  remarkable  object,  both  for  its  curious  shape  and 
^'  for  its  immense  height :  its  name  none  of  my  party  knew,  nor  have  I  yet  succeeded  in  obtaining  the 
**  name.  The  peak  is  a  hollow  crater-like  mountain  probably  27000  feet  in  height  with  a  long  table- 
"  mountain  attached  to  it,  both  covered  with  glaciers."  * 

In  1884  Colonel  Tanner  wrote:  — 

"  With  the  exception  of  the  Kinchinjunga  peak,  Makalu  is  the  finest  yet  fixed  in  the  eastern 
"  Himalaya.  It  stands  apart  from  the  Everest  group  and  exposes  a  great  mass  of  snow  towards  the 
"  Sandakphu  ridge.  From  the  south,  in  the  plains  of  Bhagalpur  and  Pumea,  it  is  the  most  striking 
**  object  in  the  panorama  of  snow.  It  has  a  remarkable  cup  or  hollow,  which  extends  for  about  one- 
"  third  down  its  slope,  by  which  it  may  be  recognised.  When  examined  with  a  high-power  telescope 
"  great  masses  of  glacier-ice  may  be  seen  finding  their  way  over  the  edge  of  the  cup.  This  ice  has 
**  been  collected  round  the  sides  of  the  amphitheatre-like  hollow.  The  upper  half  of  the  mountain  ia 
**  composed  of  a  very  Ught  coloured  rock,  but  the  southern  spur  is  dark  like  the  cliffs,  which  are  seen 
**  on  the  southern  face  of  Everest.  The  white  colour  of  the  rock  lends  it  a  softness,  which  is  absent 
"  in  the  appearance  of  its  higher  neighbour.  The  southern  and  eastern  faces  are  fully  snow-clad,  but 
on  the  west  are  much  bare  rock  and  extensive  streaks  and  patches  which  are  too  steep  to  retain 
snow  on  their  slopes.  No  northern  spur  of  this  mountain  has  been  seen,  but  I  have  traced  one 
"  of  about  19000  feet  elevation  towards  the  east,  until  it  dips  into  the  Arun  valley.  To  the  south  two 
"  picturesque  branches  fully  clad  with  snow  are  thrown  off,  but  I  cannot  say  that  I  have  detected 
"  any  saddle  or  ridge  connecting  Makalu  with  Everest." 

Makalu  is  remarkable  for  its  sharp-edged  buttresses,  one  of  which  is  a  magnificent 
specimen  of  the  spiral  type.  These  spiral  buttresses  conveying  the  idea  of  torsion 
are  to  be  seen  in  all  parts  of  the  Himalaya :  Rakaposhi  in  Hunza  has  one,  Simvo 
(22360  feet)  in  Sikkim  has  one,  and  to  residents  of  Mussooree  the  curvature  of  the 
eastern  buttress  of  Banog  (7433  feet),  a  small  peak  in  the  vicinity,  is  a  permanent  object 

of  beauty. 

Hermann  de  Schlagintweit,  when  observing  Makalu  from  Phallut  in  1855,  mistook 
it  for  Mount  Everest,  f  and  the  same  mistake  has  been  made  by  other  travellers. 
Sandakphu,  situated  38  miles  from  Darjeeling  and  on  the  Singalila  ridge,  conmiands 
a  fine  view  of  Makalu :  from  there  the  peak  is  78  miles  distant  and  is  a  more  striking 
feature  than  Mount  Everest,  which  stands  12  miles  in  rear. 

The  outlines  of  Makalu  and  Everest  as  seen  from  Sandakphu  are  shown  in  chart  v  r. 

.  Peak  T^s. 

T^s  is  a  high  peak  of  the  Nepal  Himalaya  seventeen  miles  north-west  of  Mount 
Everest.  It  appears  to  have  been  missed  by  the  observers  of  the  Great  Trigonometrical 
Survey  in  1850,  but  was  observed  by  Tanner  in  1884  from  three  different  stations* 
Tanner  recorded  that  it  had  a  rounded  top. 

.  _  I-    ,  B-i ^        ■!    ■   ■      I^M  I       ■     M,,!.        l.-^-WJ    I       ^ T m 1 1  *•! ^* 

*  Journal f  Asiatic  Society  of  Bengal,  Vol.  XXII,  1853. 
t  Vide  Nature,  No.  1828,  Vol.  71  ;  Nov.  10,  1904  ;  page  3. 
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Nanga  Parbat. 

Nanga  Parbat  is  the  most  isolated  and  perhaps  the  most  imposing  of  all  the  peaks 
of  Asia.  With  the  exception  of  subordinate  pinnacles  rising  from  its  own  buttresses, 
no  peak  within  60  miles  of  Nanga  Parbat  attains  an  altitude  of  more  than  17000  feet. 
Throughout  a  circle  of  120  miles  diameter  Nanga  Parbat  surpasses  all  other  summits 
by  more  than  9000  feet.     Its  upper  5000  feet  are  precipitous. 

**  Perhaps  in  describing  mountains,"  wrote  John  Ruskin  in  Modem  PairUers^ 
**  with  any  effort  to  give  some  idea  of  their  sublime  forms,  no  expression  comes  oftener 
''  to  the  lips  than  the  word  *  peak,'  and  yet  it  is  curious,  how  rarely  even  among  the 
**  grandest  ranges  an  instance  can  be  found  of  a  mountain  ascertainably  peaked  in  the 
"true  sense  of  the  word, — ^pointed  at  the  top  and  sloping  steeply  on  all  sides.'' 

A  traveller  in  the  Himalaya,  who  has  studied  the  writings  of  Ruskin,  must  constantly 
be  impressed  with  the  accuracy  of  his  observations.  How  often  do  we  see  a  high 
peak  towering  above  us,  only  to  find  on  ascending  that  it  is  but  an  obtuse  angle  in  the 
slope  of  a  buttress  ?  How  often  is  a  needle  discovered  to  be  but  the  end  of  a  sharp- 
edged  ridge?  Many  of  the  peaks  of  tables  i  to  vi,  though  they  may  form  good  definite 
points  for  surveyors,  fail  to  satisfy  Ruskin' s  definition. 

But  no  one  can  question  the  claims  of  Nanga  Parbat :  its  form  and  its  solitude 
render  it  a  '*peak,"  however  we  define  the  word. 

"  Nanga  Parbat's  summit,"  wrote  Colonel  Tanner,  "  ia  26620  feet  above  the  sea,  and  its  base 
**  stands  on  the  left  side  of  the  Indus  valley,  which  at  that  point  ia  but  3500  feet :  it  therefore  exposes 
''  23120  feet  of  its  side  to  an  observer,  who,  standing  as  near  as  he  may  dare  to  the  edge  of  perhaps  the 
"  most  lofty  cliff  in  the  world  with  the  Indus  valley  12000  feet  below  him,  may  regard  at  the  distance  of 
**  less  than  40  miles  the  unparalleled  view  presented  by  the  vast  snow  fields,  glaciers,  s^nd  crags  of  this 
"  King  of  Moimtains.  It  is  a  scene  that  is  not  grasped  or  taken  in  at  once,  but  after  a  while  the 
**  stupendous  grandeur  of  the  view  is  appreciated.  It  is  quite  overwhelming  in  its  magnitude ;  it  is 
'^  in  fact  one  of  the  grandest  spectacles  that  nature  offers  to  the  gaze  of  man." 

Until  the  height  of  Nanga  Parbat  had  been  determined  by  the  Great  Trigono- 
metrical Survey,  it  was  given  on  maps  as  19000  feet.  An  error  amounting  to  7600 
feet  in  defect  in  the  case  of  a  solitary  impressive  peak  shows  how  worthless  are  eye- 
estimations  of  height.* 

Masheebeum  or  Ri. 

The  Masherbrimi  peaks  are  two  well-defined  points  connected  by  a  saddle :  they 
are  1000  feet  apart  and  differ  by  50  feet  in  altitude. 

Rakaposhi. 

Of  Rakaposhi  Colonel  Tanner  wrote  as  follows  :  "  The  mighty  Rakaposhi  or  devil's 
"  tail  of  Gilgit,  rising  from  ground  which  is  7000  or  8000  feet  above  the 
"  sea,  may  be  viewed  from  a  distance  of  less  than  40  miles  by  any  one  bold  enough  to 

*  Annual  Report  of  the  Board  of  Seientific  Adviot  for  Indian  1904^)5. 
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**  make  the  journey  over  the  dreadful  Saichar  pass  to  Chaprot  and  thence  up  to  the 
grassy  downs  above  that  place,  and  the  splendid  appearance  of  Rakaposhi  will  be  a 
sufficient  reward  for  his  trouble.  It  is  a  vast  clean-cut ''brilliant  snow  needle,  abso- 
lutely sharp,  rising  thousands  of  feet  above  a  mass  of  broken  snows,  below  which  are 

"  the  wild  precipices  and  serrated  ridges  peculiar  to  the  Gilgit  mountains."* 

Kamet. 

Kamet  is  a  conspicuous  landmark  from  all  the  elevated  parts  of  Nari  Khorsam ; 
it  is  also  visible  from  Almora  on  the  Indian  side,  *'  where,  however,  its  appearance  is 
'^  so  modest  that,  till  1849,  it  remained  unnoticed  and  unmeasured,  though  but  260  feet 
"  lower  than  the  King  of  the  western  Himalaya,  Nanda  Devi.^f 

Kamet  stands  behind  the  Great  Himalaya  range  and  its  height  was  first  de- 
termined by  Richard  Strachey.    Its  outline  as  seen  from  Cheena  is  shown  in  chart  vii. 

TiRicH  Mir. 

Snow  forms  a  thick  unbroken  covering  over  Tirich  Mir,  and  gives  to  the  peak  a 
rounded  rather  than  a  pointed  top.  The  patches  of  naked  rock,  that  are  to  be  seen 
on  all  the  slopes  of  the  great  peaks  of  the  Himalaya,  are  absent  from  the  flanks  of 
Tirich  Mir. 

GURLA   MaNDHATA. 

Dr.  T.  G.  Longstafi  made  an  attempt  to  climb  Gurla  Mandhata  in  1906,  and 
attained  a  great  height,  possibly  exceeding  23000  feet,  but  failed  to  reach  the  summit.!]: 

In  1878  Mr.  Ryall  wrote  of  this  mountain  as  follows  : — 

"  Gurla  Mandhata,  which  is  3500  feet  higher  than  Kailas,  is  held  in  comparatively 
**  little  religious  esteem  among  the  Buddhists  and  Hindus.  Owing  to  its  immense 
**  bulk  and  height — 3000  feet  above  any  peak  within  a  radius  of  40  miles — ^it  is  perhaps 
"  the  most  impressive  sight  in  the  whole  of  the  Himalaya,  the  celebrated  mountain  of 
**  Nanga  Parbat  alone  excepted.  "§ 

KUNGUR  AND   MUZTAGH    AtA. 

The  peaks  of  Kungur  and  Muztagh  Ata  have  been  mistaken  for  one  another  by  many 
travellers.  Captain  Trotter  was  the  first  trigonometrical  observer  of  Kungur,  and  from 
the  plains  of  Kashgar  he  determined  its  height  at  25350  feet ;  he  named  the  peak 
"Tagharma." 

Muztagh  Ata  is  26  miles  south  of  Kungur  and  is  not  visible  from  Kashgar.  Travel- 
lers have  frequently  thought  that  they  have  seen  Muztagh  Ata  from  Kashgar  :  but  they 
have  been  misled  by  the  natives,  who  believe  Kungur  and  Muztagh  Ata  to  be  one 
summit.    Colonel  Wahab  called  the  Muztagh  Ata  peak  **  Tagharma." 

*  Oeneral  Beport,  /Survey  of  India,  1883-84. 

t  Journal,  Boyal  Oeographieal  Society,  Vol.  XXIII,  1863,— Captain  H.  Straohy  On  the  Phyaieal  Qeogtwpky  of  Western 
Tibet 

Heniy  Strachey  wrote  before  the  height  of  Nanga  Parbat  had  been  ascertained.  Montgomerie  was  light  when 
he  said  that  Nanga  Parbat  was  as  much  the  King  of  the  western  Himalaya  as  Mount  Everest  was  of  the  eastern.  Nan^ 
Deri  is  Ihe  highest  point  of  the  Komaon  or  central  section  of  the  Himalaya,  but  does  not  compete  with  Nanga. 
Parbat 

t  Charles  A.  Sherring :  Western  Tibet  and  ihe  British  Borderland  ;  also  Alpine  Journal,  August  1906. 

i  General  B&part,  Survey  of  India,  1877-78. 
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The  fact  that  both  Kungur  and  Muztagh  Ata  were  named  "  Tagharma'  * 
by  surveyors  has  tended  to  increase  the  confusion.  The  name  Tagharma  is  given 
by  natives  to  the  peak  bf  Muztagh  Ata  because  it  towers  above  the  town  of 
Tagharma  in  the  Sarikol  valley,  and  Wahab  was  correct  in  his  application  of  the  name. 
But  Trotter  made  a  mistake  in  adopting  the  assumption  of  Kashgarians,  that  the 
great  snow  peak  they  see  to  the  south-west  is  the  same  peak  as  seen  from  Tagharma. 

There  has  not  only  been  a  confusion  of  names,  but  differences  of  opinion  have 
existed  as  to  which  of  the  two  peaks  is  the  higher,  Kungur,  the  northern,  or  Muztagh 
Ata,  the  southern.  The  values  of  height  entered  in  tables  iv  and  v  are  those  derived 
from  the  data  at  the  disposal  of  the  Survey  of  India,  but  it  has  to  be  acknow- 
ledged that  the  observations  are  less  reliable  than  those  of  the  Himalayan  and  Kara- 
koram  peaks.  In  the  case  of  observations  taken  to  peaks  from  stations  in  India  the 
height  of  the  place  of  observation  is  accurately  known,  but  the  same  cannot  be 
said  of  the  points  from  which  Kungur  and  Muztagh  Ata  were  observed.  Though  all 
our  information  goes  to  show  that  Kungur  is  higher  than  Muztagh  Ata,  by  about  758 
feet,  the  great  weight  of  Sven  Hedin's  authority  is  on  the  side  of  Muztagh  Ata. 
"Muztagh  Ata,"  he  writes,  "  the  loftiest  mountain  of  the  Pamirs  and  one  of  the 
"  loftiest  mountains  in  the  world,  towers  up  to  the  height  of  25600  feet,  and  like  a 
**  mighty  bastion  overlooks  the  barren  wastes  of  Central  Asia.  It  is  the  culminating  point 
'*  in  a  meridional  chain.  The  unchallenged  pre-eminence  of  Muztagh  Ata  over  the  peaks 
"  which  cluster  around  it  is  proved  by  its  name,  which  means  the  Father  of  the  Ice 
"  Mountains."* 

Sven  Hedin  made  three  attempts  to  climb  Muztagh  Ata,  but  was  not  successful. 

Lord  Curzon  describing  the  peaks  of  Kungur  and  Muztagh  Ata  wrote:  "The 
"  second  and  southerly  peak,  which  from  Sarikol  obscures  the  first,  is  the  real 
"  Muztagh  Ata,  the  height  of  which  is  probably  a  little  less  than  its  nameless  brother, 
"being  calculated  at  about  26000  feet,  but  which  is  a  far  finer  mountain  since  it  is 
'*  conical  and  comparatively  isolated,  whereas  the  more  northerly  mountain  is  the 
^*  highest  crest  of  an  extended  ridge.^t 

Api  and  Nampa. 

The  remarkable  group  of  peaks  in  western  Nepal,  of  which  Api  and  Nampa  (table  vi) 
^u:e  the  principals,  has  been  imperfectly  studied.  During  the  observations  of  the  Great 
Trigonometrical  Survey  the  cluster  was  continually  obscured  by  haze,  and  only  one 
peak  was  observed.  A  crowded  cluster  that  is  seldom  visible  in  winter,  except  perhaps 
on  certain  days  for  a  few  minutes  at  sunrise,  and  that  is  completely  hidden  by  clouds 
in  summer,  presents  great  difficulties  to  the  observer. 


*  SvoQ  Hedin:  Through  Asia,  page  221.  It  is  perhaps  unfair  to  give  this  quotation,  for  when  Sven  Hedin  wrote 
he  may  have  been  unaware  that  there  was  any  question  at  issue.  As,  however,  his  book  has  had  a  wide  oircuJatioD, 
^e  think  it  right  to  point  out  that  our  results  do  not  confirm  Sven  Hedin's  opinions. 

t  Oeographieal  Journal,  Vol  VIII,  1896. 
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If  he  succeeds  in  observing  the  directions  of  six  peaks  from  both  an  eastern  and  a 
western  station,  each  of  the  six  rays  from  his  eastern  station  cuts  each  of  the  six  from 
Ms  western,  and  thirty -six  points  of  intersection  are  given  within  a  small  area.  If 
the  peaks  have  been  observed  from  a  third  station  also,  difficulties  disappear,  but 
when  they  have  been  seen  from  two  only,  the  true  points  of  intersection  have  to 
be  determined  from  a  study  of  the  several  values  of  height. 

Many  map-makers  have  confused  the  peaks  of  Api  and  Nampa,  but  their  heights 
differ  by  1237  feet.  Colonel  Tanner's  observations  show  that  Api  is  a  double  peak, 
the  higher  point  of  which  (23399  feet)  stands  half  a  mile  north-east  of  the  lower  (23287 
feet). 

The  observations  of  Colonel  Tanner's  assistant  Einzin  show  another  peak  called 
Ningru  (231.43  feet)  rising  between  the  two  peaks  of  Api.  It  is  extremely  unlikely  that 
the  name  of  Ningru  has  been  attached  by  natives  to  this  close  companion  of  Api, 
and  it  is  more  reasonable  to  assimie  that  Api  and  Ningru  are  alternative  names 
employed,  perhaps  in  different  localities,  for  the  same  snowy  mass. 

According  to  the  observations  of  Tanner's  assistants  Nampa  is  a  double  peak  also, 
the  two  summits  being  2  miles  apart.  The  higher  Nampa  is  4  miles  east  of  the 
'higher  Api. 

The  only  peak  of  this  cluster  observed  by  the  Great  Trigonometrical  Survey  was 
peak  LIII :  its  position  was  fixed,  but  not  its  height ;  its  position,  which  was 
determined  from  two  stations  of  observation  only,  is  1 J  miles  south-south-west  of  Api 
<23399  feet). 

The  Encydopcedia  Britannica  shows  a  peak  of  this  cluster  as  Mount  Humla  (24702 
feet),  but,  incomplete  as  the  trigonometrical  observations  of  the  Api-Nampa  group  have 
been,  they  are  sufficient  to  indicate  that  no  peak  exceeding  24000  feet  stands  in  this 
region. 

The  outline  of  Api  is  shown  in  chart  vii. 

''  The  purity  of  its  unbroken  snow  and  boldness  of  its  outline/'  wrote  Colonel  Tanner  of  the  Api 
peak  (23399  feet),  '*  I  have  nowhere  seen  equalled.  The  ridges  that  connect  the  highest  with  the 
*'  lower  points  of  Api  are  perfectly  sharp  and  decided,  and  for  several  thousands  of  feet  there  is  scarcely 
''  a  splinter  of  naked  rock  to  mar  the  unrivalled  whiteness  of  its  slopes.  The  base  and  lower  spurs  of 
''  Api  touch  the  Kali  valley  and  are  clothed  with  variegated  masses  of  birch  and  pine  except  in  those 
''places  where  constantly  recurring  avalanches  admit  only  of  the  growth  of  short  grass."  * 

Chumalhari. 

The  peaks  of  Chola  (17310  feet)  and  of  Chumalhari  (23930  feet)  appear  from  Senchal 
near  Darjeeling  to  be  in  almost  the  same  direction,  the  distance  of  Chumalhari  being 
double  that  of  Chola-f 

*  Oeneral  Report,  Survey  of  India,  1884-85. 
t  Chola  is  called  Chomunko  in  table  vi  cmd  Gaoring  on  North-Eastem  Trans-Frontier  Sheet  No.  7  N.  W. 
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A  letter  written  by  Dr.  Campbell  from  Darjeeling  in  1848  is  interesting  as  showing 
how  mistaken  the  natives  of  the  mountains  may  be.    His  letter  runs  :— 

"  When  Colonel  Waugh  left  this  place  in  November  last,  after  having  satisfied  himself  of  the 
''  position  of  Chmnalhaii  by  observations  from  Tonglu  and  Senchal,  I  took  some  Lepchas  and 
"  Bhotiahs,  who  had  travelled  into  Tibet  by  the  Phari  route,  with  me  to  the  top  of  Senchal,  to 
'*  point  out  Chmnalhari  to  them,  as  they  were  positive  in  stating  their  belief  that  it  was  not  visible  from 
'^  any  part  of  this  neighbourhood.  When  I  said  '  There  ia  Chumalhari,'  the  whole  party  exclaimed 
*'  *  No,  it  is  Chola,  and  not  Chumalhari.'  I  took  pains  to  ascertain  the  reasons  of  their  dissent, 
^'  and  afterwards  wrote  an  epitome  to  Colonel  Waugh,  who  said,  as  far  as  I  recollect,  '  You  may  rely 
"  upon  it,  that  I  shall  not  finally  decide  the  point  until  you  are  satisfied  that  I  am  right.'  "♦ 

Colonel  Waugh  eventually  proved  that  the  peak  observed  from  Senchal  was 
Chumalhari. 

Kailas. 

It  is  solely  due,"  wrote  Mr.  E.  C.  Ryall,  "  to  the  circumstance  of  its  shape  resem- 
bling that  of  a  Hindu  temple  that  Kailas  is  vested  with  a  sacred  character,  "f 


See  and  Meb. 

Ser  and  Mer,  known  also  as  the  Nun  Kun  peaks,  are  remarkable  twin  giants  {vide 
table  vi),  rising  from  a  region  of  perpetual  snow  :  they  are  the  highest  points  of  the 
Punjab  Himalaya  between  the  Sutlej  and  Nanga  Parbat.  Ser  is  white  and  Mer  is  dark» 
being  too  precipitous  on  the  side  of  India  to  retain  much  snow. 

Ser  is  2J  miles  south-west  of  Mer :  a  third  peak  (22810  feet)  stands  If  miles  east- 
north-east  of  Mer,  and  there  is  a  fourth  peak  (22310  feet)  two  miles  east  of  Mer.  The 
positions  and  heights  of  these  four  peaks  were  well  determined.  The  account  given  in 
the  Geographical  Journal  %  of  the  Bullock- Workman  expedition  refers  to  a  third  peak 
of  the  group,  exceeding  23000  feet.  No  third  peak  however  of  23000  feet  was  observed 
by  the  Trigonometrical  Survey.    The  peak  climbed  by  Mrs.  Bullock-Workjnan  was  Mer.. 

Tengm  Khan. 

Tengri  Ehan  is  the  highest  peak  of  the  Tian  Shan  and  the  highest  point  of  Asia 
north  of  latitude  39°.  In  his  Central  Tian-Shan  Mountains  Merzbacher  describes 
the  isolated  eminence  of  Tengri  Khan  as  "  without  example  in  mountain  systems  of 
like  extent."  "The  mountain,"  he  says,  "has  no  rival  and  overtops  the  highest 
"  summits  of  all  the  neighbouring  ranges  by  over  3000  feet." 

*  Journal,  Asiatic  Society  of  Bengal,  Vol.  XVIL 
t  General  Report,  Survey  of  India,  1877-78. 
t  November,  1906. 
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ON  THE  NAMES  OF  CERTAIN  PEAKS. 

It  is  not  often  that  a  surveyor  can  discover  a  native  name  for  a  peak :  natives  of 

the  hills  do  not  give  names  even    to    remarkable    peaks. 

"  To  my  disappointment,"   wrote  Sir   Joseph  Hooker,    *'  I 

^*  found  that  neither  priest  nor  people  knew  the  name  of  a  single  snowy  mountain."  * 

Of  the  75  great  peaks  included  in  tables  i  to  v  but  19  have  native  names.  If 
we  take  into  account  the  lower  peaks,  we  find  that  there  are  many  thousands  of  pro- 
minent but  unnamed  summits  in  Asia,  and  the  problem  of  nomenclature  has  to  be 
considered.  It  would  be  a  mistake  to  attempt  to  attach  an  actual  name  to  every 
peak.  Astronomers  do  not  name  the  stars  :  in  olden  times  they  grouped  them  in  con- 
stellations, and  they  now  number  them  according  to  right  ascension.  Colonel 
Montgomerie  endeavoured  to  introduce  for  peaks  a  method  resembhng  that  of 
constellations,  and  he  named  the  whole  Karakoram  region  K,  and  its  peaks  K^, 
K2,  K3,  etct 

This  system  would  have  answered  well,  but  Colonel  Tanner  and  subsequent 
surveyors  have  departed  from  it,  and  have  adopted  the  plan  of  designating  each  peak 
by  the  initial  letter  of  the  observer :  Tanner  called,  for  instance,  the  peaks  he  had  observed 
himself  T**,  T^^,  etc.  The  employment  of  observer's  initials  has  led.  to  confusion  J 
two  and  more  observers  have  had  the  same  initial,  and  the  same  symbol  has  thus  become 
attached  to  different  peaks.  Moreover  the  designations  given  under  Tanner's  system 
furnish  no  clue  as  to  the  region  in  which  the  peaks  are  situated. 

The  nomenclature  of  a  mountain  region  should  not  be  forced :  it  should  grow  spon- 
taneously, and  we  should  never  invent  a  name  until  its  absence  has  become 
inconvenient.  We  cannot  do  better  for  Tibet  and  Turkistan  than  extend  the  simple  system 
introduced  by  Montgomerie  for  the  Karakoram :  his  method  of  constellations  is  more 
suitable  for  the  peaks  of  Asia  than  a  long  series  of  successive  numbers  from  west  to  east 
would  be.  We  need  not  design  constellations  to  include  one  whole  range,  and  we  need 
not  follow  the  astronomical  plan  of  drawing  animals  and  heroes ;  we  can  have  rect- 
angular constellations  enclosed  by  meridians  and  parallels. 

Peaks  however  possess  in  their  heights  an  attribute  which  stars  lack,  and  there 

is  no  more  useful  means  of   distinguishing  peaks  than  by 

th^**h**hte^  *^**"^*^^  ^^    *^^^  heights.     If   we  are   dealing  with  a  complex  cluster 

of  peaks,  it  is  simpler  to  indicate  the  several  members  by 
their  heights  than  to  confer  on  them  separate  names.  In  discussions  of  the  peaks  of 
Asia  heights  must  be  accepted  to  a  certain  extent  as  substitutes  for  names. 

*  Himalayan  Journals,  Vol.  1,  page  370. 
t  A  note  on  the  name  Karakoram  is  given  in  Section  16  of  Part  II  of  this  paper. 
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There  will  be  no  difficulty  in  preventing  the  same  value  of  height  being  given  to 
two  OT  more  peaks.  The  heights  of  peaks  are  not  known  within  10  feet,  and  it  is  thus 
possible  to  adjust  the  height  of  a  newly  measured  peak  by  one  or  two  feet,  if  it  happens 
to  have  been  given  the  same  height  as  one  previously  determined. 

If  the  heights  of  peaks  come  to  be  recognised  as  a  means  of  identification,  they 
should  not  be  altered  whenever  any  trifling  improvement  in  the  value  is  believed  possible. 
The  height  of  Mount  Everest  was  originally  determined  at  29002  feet,  and  this  value 
should  still  be  retained :  a  few  years  ago  its  height  on  maps  was  reduced  to  28995  feet 
because  the  stations  from  which  it  had  been  observed  were  found  to  be  7  feet  lower 
than  had  originally  been  assumed:  subsequently  for  a  similar  reason  the  height  was 
altered  to  28994  feet.  But  these  alterations  were  not4Justifiable,  and  only  tended  to 
produce  confusion.  It  is  known  that  the  height  29002  feet  is,  if  anything,  too  low, 
but  it  is  not  desirable  to  alter  it,  because  the  value  29002  is  a  clear  indication  of  the 
particular  peak  denoted. 

We  are  not  proposing  now  to  bind  our  successors  for  all  time  to  adhere  to  the 
present  values  of  heights  :  periodical  revisions  of  values  can  be  carried  out  every  twenty 
or  fifty  years,  if  fresh  information  has  been  accumulated  in  the  interim.  All  that  is 
proposed  now  is  that  the  heights  allotted  to  the  peaks  in  tables  i  to  vi  be  accepted 
until  proof  is  forthcoming  of  serious  error,  and  that  no  small  or  frequent  changes  in 
value,  such  as  have  constantly  led  to  confusion  in  the  past,  be  made  in  the  future. 

In  ihe  following  table  are  shown  the  various  names  and  symbols  that  have  been 
applied  to  the  several  peaks  of  tables  i  to  vi  at  different  times  by  surveyors  and 
travellers : — 

■ 

Table  VII. — ^Names  and  Symbols  which  have  been  used  by  different  authorities  to  denote  the^ 

peaks  of  tables  i  to  vi. 


1 

No.  of 

Name  adopted  in  this 

1 

Name  employed  in  the             ^t                 i       ji  « 
recoids  of  Ihe  Great              ^»°'*''  ««nployed  by 

Alternative  namea 

Peak. 

paper. 

Trigonometrioal  Survey 

•  1 

1 

observers  m  the  field. 

occasionally  used. 

1 

Mount  Everest 

XV        .         .         . 

•             •             •          •    , 

See  below. 

2 

XX                   •                          •                      •                      • 

Karakuram  No.  13*  .     K'  by  Montgomerie 

Mount  Godwin- Austen 
(see     below),    Dap- 
sang  by  SchlagifUfveit 
in  1856. 

3 

Eanchinjunga  I 

IX          .         .         . 

.     . 

. . 

4 

Kinchinjunga  II 

VIII       . 

1 

•              •              •            • 

. . 

5 

Makalu 

XIII      . 

►    1              •              •              •            • 

• . 

6 

T*5      .           ... 

.                       .                       < 

.  !  T«  or  T45  by  Tanner      . 

1 

1                  •  • 

7 

Dhaulagiri     . 

XLn    . 

•             •             •          • 

1                  •  • 

8 

XXX 

XXX     . 

•             •             .          ■ 

1 

•  • 

9 

Nanga  Parbat  I 

Nanga  Parbat 

»     \                   •                    •                     ■                 • 

Dayamur,      Dairmal, 

1 

Deo  Mir. 

10 

XXXIX 

J!LJ\~A.J.J!L             .            •                 .... 

•  • 

•  The  name  Karakoram  was  spelt  Karakuram  by  Montgomerie,  and  is  consequently  so  spelt  in  many  of  the  records  of  the  Gieat 
Trigonometrical  Survey.     But  the  form  Karakoram  is  now  held  to  be  correct. 
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Table  YII. — Names  and  Symbols  which  have  been  used  by  difierent  authorities  to  denote  the^ 

peaks  of  tables  i  to  vi — continued. 


Naof 
Peak. 

Name  adopted  in  (bia 
paper. 

Name  employed  in  the 
records  of  the  Great 
Tiigonometaioal  Survey. 

Names  employed  by 
observers  in  the  fieM. 

Alternative  names 
occasionally  used. 

11 

E'  or  Gasherbrum  I 

Earakuram  No.     9  . 

1 

K5    .          .          .        . 

•  • 

12 

K*  or  Gasherbrum  II 

• 

Earakuzam  No.  10  . 
(Gusherbmm) 

E*    .          .          .         . 

. . 

13 

Gosainthan    . 

XXTTI    . 

.                           •                           a                      . 

•  • 

14 

K^  or  Gasherbnim  HI    . 

Earakuram  No.  11    . 

E»»   .                     .        . 

•  • 

15 

XXXIV 

XXXTV 

•                           a                           .                      . 

. . 

16 

K»  or  Gasherbrum  IV     . 

Earakuram  No.  12  . 

E»    .          .          .        . 

• . 

17 

TB7        .         .         .         . 

... 

T"  by  Tanner 

. . 

18 

B'**     .          ... 

.         .         • 

B"''  by  Bcarckley  . 

Fishback  by  Tanner 

19 

XXVIII 

XXVIII. 

a                               .                               .                          • 

• . 

20 

Eambachen  . 

... 

North   of     Eanchin     by 
Robert,  S.  E.13  by  Tanner 

. . 

21 

XXIX 

XXTX    . 

.          .          •         . 

. . 

22 

Masherbrum  East  . 

Masherbrum  E. 

Ri  East       . 

a    . 

23 

Nanda  Devi  . 

LVIII    . 

1 
.          .          .         * 

A  No.  2  by  Hodgson 
and  Herbert  :  aiV  bg 
Webb 

24 

Masherbmm  West . 

Masherbrum  W. 

El  West      . 

25 

Nanga  Parbat  II     • 

... 

Great  Range  No.  30 

26 

TJX    .... 

TJX               .        . 

.                    .                    .                 . 

,  ^ 

27 

Rakapoahi     . 

Rakipushi 

u*»   .         .         .       . 

•  • 

28 

Eunjut  No.  1 

KunjutNo.  1. 

Trans-Indus  No.  4  . 

. . 

29 

Eamet 

Tixvn  . 

Eamet  by  Richard  Strachey, 
Eangmen  by  Ryder 

Ibi  Gamin&y  SMaginU 
weit 

30 

T**      .           ... 

... 

T*«  by  Tanner 

■ 

31 

XLIII 

XT.m  . 

.           .           .         • 

32 

TirichMirl   . 

... 

DsEb  by  Tanner     . 

33 

N"      .          ... 

•                      •«                      . 

Ns»  by  Robert 

9*  9 

34 

E}'     . 

Earakuram  No.  3     . 

E^°         .                           .                           a                       . 

35 

Hunza-Eonji  I 

Ennji  No.  8     . 

T»*  by  Tanner 

•  • 

36 

Gtiria  Mandhata     . 

... 

Memonamnyimri  by  Ryder 

Nimo     Namling     by 
Tanner 

37 

Jano   .          ... 

XI         .        ,        . 

.          .          .         • 

Jannu 

38 

E»     .          ... 

Earakuram  No.  4    . 

E"    .          .          .        . 

•  • 

39 

XLIV 

XLIV 

.                          .                          .                     a 

. . 

40 

B7W     .... 

... 

B788  by  Barddey     . 

. . 

41 

Shyok  Nubra  Watershed 
No.  5. 

Sheok-Nubra  Water- 
shed No.  5. 

E«         .                           .                           a 

. . 

42 

Kungurl 

.         •         * 

Peak  2  of  Camp  9  by  Ram 
Singh 

Tagharma  by   TroUety 
Mount  Dii^eiin    by 
Ney  EUas 

43 

B^    .          ... 

... 

B^^by  Barddey     . 

• . 

44 

Hunza-Kunji  II 

1 
... 

Highest   Peak   South   by 
Holdich 

. . 

45 

Karakoram  No.  8 

Earakuram  No.  8     . 

E«         a               ... 

Chogolisa  by  Norman 
CoVie 

18 


THE  HIGH  PEAKS  OF  ASIA. 


Table  VII.— Names  and  Symbols    which  have  been  used  by  different  authorities  to  denote  the 

peaks  of  tables  i  to  vi — contimied. 


No.  of 
Peak. 

1 
1 

Name  adopted  in  this 
paper. 

Name  employed  in  the 

records  of  the  Great 
Trigonometrical  Survey. 

Names  employed  by 
observers  in  the  field. 

Alternative  names 
occasionally  used. 

46 

XTiVI 

XTiVI     . 

•                             •                             •                        a 

a   • 

47 

Hunza-Kunji  III    . 

Hunza  No.  2    • 

U"   .        .        .       . 

.    . 

48 

Kungiirll 

•         •         . 

Peak  3  of  Camp  9  by  Ram 
Singh 

•   • 

49 

XTiV  .... 

XT,V      . 

•           •           •         • 

•    . 

50 

XXXVI 

XXXVI 

•                             •                             •                        a 

a    • 

51 

Kiilha  Kangri  I 

Bhutan-Tibet     range 
No.  2  Pk 

•                             •                             «                         a 

•  -a 

52 

Karakoram  No.  5 

Karakuram  No.  5     . 

K»'    .               .               .            . 

•   • 

53 

XXXV 

XXXV  . 

•                             •                             •                        • 

•  . 

54 

Kulha  Kangri  II     . 

Bhutan-Tibet    range 
No.  1  Pk 

«                             •                             •                        • 

R»8«  by  Ryder 

55 

Shyok  Nubra  Watershed 

Sheok-Nubra  Water- 

K**   .          .          .        . 

•  • 

No.  3 

shed  No.  3 

, 

56 

TirichMirll 

... 

IGmi  by  Tanner 

Nushau  No.  1 

57 

Shyok  Nubra  Watershed 
No.  4 

Sheok-Nubra  Water- 
shed No.  4 

K2»  .           .          .         . 

•  • 

58 

Knniut  No.  2 

Kunjut  No.  2  . 

TranR-Indus     No.  2     by 

* 

Montgomerie 

59 

R"*    .          ... 

1 
•                 •                 • 

R*»*  or  R264  by  Ryder     . 

60 

Indufl-Nagar  Watershed 
No.  2 

Indus-Nagar    Water- 
shed  No.  2 

U"    .          .          .        . 

61 

LVII  .... 

LVII      . 

.                    •                    .                • 

62 

Miiztagh  Ata 

... 

Tagharma  by  Wahab 

63 

K«     .          ... 

Karakuram  No.  4     . 

xri2 

jx      .           •           •         • 

64 

A  satellite    of    Kinchin- 

• 

•         •         • 

Centre  of  great  broad  peak 

65 

jTinga 
Tirich  Mir  III 

•         •         • 

IGmf  by  Tanner 

( 

66 

Euen  Tiiin  No.  1 

•         •         . 

Peak  9,  Camp  58  by  Ram 
Singh 

'• 

67 

XXVI 

XXVI    . 

•           •           •         • 

68 

Haramosh 

Haramosh 

B'*  U"       .          .         . 

69 

Sad  Ishtragh 

•                                 •                                 • 

Dsh  .          .          .         . 

70 

XT.VIII 

XT<VIII 

.                    •                    •                 • 

71 

Kunjut  No.  3 

Kunjut  No.  3  . 

T»7  by  Tanner 

72 

A  satellite  of  Kinchinjun- 

•                •                 . 

Centre  of  huge  mass,  North 

S^ 

of  Kinchinjunga 

73 

Hunza-Kunji  IV     . 

y             o                    m                    m 

CBu              .           «         .     Boyohaghurdonas 

74 

Chamlang 

XIV        . 

•  ) 

76 

Kabru 

X            ... 

.           .           •         • 

. . 

76 

Api     -           ... 

•                                    •                                    • 

.                             .                              .a 

Ningru 

77 

Badrinath 

LXIX    . 

VIII  by  Wehb 

. . 

78 

Bandarpunch         • 

LXXVII 

•                                  a                                  •                            • 

Jumnootri  by   Gerard 

79 

Chumalhari  • 

1             ... 

• 
.                                  .                                  •                            • 

. . 

80 

Chumunko     * 

IV          .         .         . 

a                             •                             •                        a 

Chola  by  Dr.    Camp- 
bdl 

81 

Dayabhang 

1 

XXV      . 

.                       aw* 

L  or  Dayabang  by  Col. 
Crawford 
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Table  VII. — Names  and  Symbols  which  have  been  used  by  different  authorities  to  denote  th  e 

peaks  of  tables  i  to  vi — conduded. 


No.  of 
Peak. 

Name  adopted  in  this 
paper. 

Name  employed  in  the 

records  of  the  Great 

Trigonometrical  Survey. 

Deotibba 

Namee  employed  by 
observers  in  the  field. 

Alternative  names 
occasionally  used. 

82 

Deotibba 

■                   *                   •                   . 

•  • 

83 

Dubunni 

Dubunni 

.... 

• . 

84 

Dunagiri 

... 

a^by  Carter    . 

•  • 

85 

Gangotri 

•          •         • 

Gangotri  aS.T.by  RyaU 

•  • 

86 

Gardhar 

Gardhar  . 

•         •         •         . 

. . 

87 

Gaurisankar 

XX         .         .         . 

.... 

• . 

88 

Jaonii 

LXXV     . 

•         •         .         • 

. . 

89 

Jibjibia  East 

XXII      . 

•         rf         .         • 

• . 

90 

Jibjibia  West 

XXIV      . 

.         .         •         • 

•  • 

91 

KaUas 

KailaH 

.... 

Eangrinpoche 

92 

Eaufmann     • 

•                                 •                                 • 

•         •         .         . 

. . 

93 

Eedamath     • 

LXXII   . 

Ill  by  Webb  . 

Bharti  Ehunta 

94 

Eharchakund 

•                •                • 

Eharcha  Eoond  No.  2  S.P. 
by  RyaU 

• . 

95 

Leo  Pargial  N. 

Leo  Pargial  N. 

•         .         .         • 

.  • 

96 

Leo  Pargial  S. 

Leo  Pargial  S.  . 

•         •         •         . 

•>• 

97 

Tiiinkho 

•          •         • 

IGmp    .... 

. . 

98 

Mer     .           ... 

Mer  or  Eana     . 

•         •         •         . 

Eana.  Eun.  DamHuy. 
The  Nun  Kun  peaks 
are  Mer  and  Ser 

99 

Nampa 

•                   •                  • 

•         •         •         • 

Namju 

100 

Nandakna 

LXIV     . 

•         •         •         • 

•  • 

101 

Nandakot 

LVI        .         .         . 

•         •         •         . 

•  • 

102 

Narsing 

VI          .         .         . 

•         •         .         . 

•  • 

103 

Nilakanta 

LXVIII  . 

IX  (Nilakanta)  by   Webb 

•  • 

104 

Panch  Chulhi 

LIV        .         .         . 

XX  by  Webb 

•  • 

105 

Pandim 

VII         .,        . 

.... 

•  • 

106 

Paahunri 

Ill          ... 

Powhunri 

Donkia  by  Dr.  Hooker 

107 

Sargaroin 

LXXIX  . 

H.  Left  Peak  by  Hodgson 

. . 

and  Herbert 

108 

Ser        .... 

Ser  or  Nana     . 

•         •         •         • 

Nana.    Nun.      Pajah 

1 

Huy.      The       Nun 

1 

Eun  peaks  are  Mer 
and  Ser 

109 

Simvo 

•                 •                 . 

S30      . 

110 

Srikanta 

LXXVl 

Bus  peak  by  Du  Vemet,  G 
or  Srikanta  by  Hodgson 
and  Herbert 

111 

Tengri  Ehan 

... 

.         .         •         • 

112 

Tharlasagar 

T<XXIV. 

M  or  Mont  Moira  by  Hodg- 
son   and   Herbert,  I    by 
Webb 

113 

Trisul  East    . 

LX         .        .        . 

XTII    (East    Trisool)  by 
Webb 

114 

Trisul  West  . 

Lxn    . 

A  No.  I  by  Hodgson  and 
Herbert,     XII      (West 
Trisool)  by  Webb 

o  2 
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In  1862  the  chief  computer  of  the  Trigonometrical  Survey  informed  the  Superin- 
The  name  of  M     t  Everest      tendent,  Sir  Andrew  Waugh,  that  a  peak   designated  XV 

had  been  found  from  the  computations  to  be  higher  than 
any  other  hitherto  measured  in  the  world.  This  peak  was  discovered  by  the  computers 
to  have  been  observed  from  six  different  stations:  on  no  occasion  had  the  observer 
suspected  that  he  was  viewing  through  his  telescope  the  highest  point  of  the  earth.* 

The  Indian  Survey  had  always  adhered  to  the  rule  of  assigning  to  every  geo- 
graphical feature  its  true  local  or  native  name^  but  here  was  a  mountain,  the  highest 
in  the  world,  without  any  local  or  native  name  that  the  surveyors  were  able  to 
discover.  The  Surveyor  General,  Sir  Andrew  Waugh,  decided  to  name  the  great 
snow-peak  "  Mont  Everest "  after  his  former  chief,  Sir  George  Everest,  the  celebrated 
geodesist. 

Waugh  wished  to  introduce  the  word  "  Mont ' '  in  preference  to  "  Mount, ' '  but 
"Mont"  never  came  into  vogue.  It  seems  to  have  been  immediately  replaced  in 
common  usage  by  '*  Mount,  "  and  for  50  years  '*  Mount  Everest  '*  has  been  the  name 
generally  adopted  throughout  the  world. 

When  Sir  Andrew  Waugh  announced  that  the  peak  was  to  be  named  "  Mont 
Everest,"  Mr.  Hodgson,  who  had  been  political  ofl&cer  in  Nepal,  wrote  many  papers  to 
show  that  Waugh  had  been  mistaken,  and  that  the  mountain  had  a  local  name,  viz., 
Devadhunga.  But  Mr.  Hodgson  mistook  another  peak  for  Mount  Everest  and  it  is 
probable  that  he  never  saw  Mount  Everest  at  all.  All  subsequent  and  recent  infor- 
mation goes  to  show  that  there  is  no  peak  of  the  Himalaya  called  Devadhunga.^ 

In  1855  Hermann  de  Schlagintweit  visited  a  hill  in  Nepal  called  Kaulia  near 
Katmandu,  and  from  it  took  observations  to  the  snow  peaks.  He  saw  the  mountain 
called  Devadhunga  by  Hodgson,  and  he  identified  it  as  Mount  Everest ;  he  however 
repudiated  Hodgson's  name  of  Devadhunga  and  certified  that  the  local  native  name  for 
the  peak  was  Gaurisankar.  Many  geographers  accepting  Schlagintweit's  views  have  con- 
tinued to  this  day  to  call  the  highest  mountain  in  the  world  Gaurisankar :  the  Indian 
Survey  however  were  unable  to  reconcile  Schlagintweit's  results  with  their  own  and 
declined  to  follow  him.  There  is  no  doubt  now  that  Schlagintweit  was  misled  in  his 
identification  of  Mount  Everest.  In  1903  Captain  Wood,  R.E.,  visited  Kaulia  by  order 
of  Lord  Curzon :  he  found  that  Gaurisankar  and  Mount  Everest  were  different  peaks 
36  miles  apart,  and  that  the  peak  called  Devadhunga  by  Hodgson  and  Gaurisankar 
by  Schlagintweit  was  a  peak  long  known  in  the  records  of  the  Survey  as  peak  XX 
(height  23440  feet).J 

In  addition  to  his  Kaulia  observations,  Schlagintweit  observed  at  Phallut  on  the 
Singalila  ridge,  and    from   there  he  painted  his  now   well-known    picture   of   Mount 

•  Naiure,  Noi.  1828  aad  1830,  Vol.  71  ;  Nov.  10  and  24, 1904. 

t  This  name  may  possibly  be  a  mythological  term  applied  to  the  whole  snowy  range  by  the  natives  of  a 
certain  part  of  Nepal. 

X  See  Wood's  Report  on  the  Identification  and  Nomenclature  of  the  Himalayan  peaks  as  seen  from  Katmandu^ 
1904;  also  his  Narrative  Report,  1903-04. 
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Everest:   but  unfortunately  he  fell  agSpin  into  error,  for  the  mountain  he  painted  is 
clearly  Makalu  and  not  Mount  Everest. 

Of  recent  years  endeavours  have  been  made  to  show  that  the  Tibetans  have  a 
name  for  Mount  Everest,  namely,  Jomokangkar  or  Jhomogangar  or  Chamokankar, 
but  no  reliable  evidence  has  been  produced.  In  1904  the  surveyors  attached  to  the 
Tibet  Frontier  Mission  made  careful  enquiries,  but  found  no  such  name  applied  to  the 
great  Himalayan  peak.  On  the  other  hand  the  explorer  Eishen  Singh  found  a  mountain 
called  Jhomogangar  *  in  the  interior  of  Tibet,  215  miles  north-east  of  Mount  Everest. 
This  peak  of  Jhomogangar  has  been  shown  on  maps  of  Tibet  since  1872.  Kishen 
Singh  in  his  narrative  describes  his  arrival  at  Dung  Chaka  (16700  feet)  and  then  adds, 
^  ^  About  10  miles  to  the  east  there  is  a  lofty  snowy  peak  called  Jhomogangar,  some- 
**  what  of  the  same  shape  as  the  Kailas  peak  near  Manasarowar :  it  is  a  noted  object  of 
"  worship,  being  considered  as  a  female  divinity.'* 

After  50  years  of  controversy  no  true  native  name  has  been  produced  for  Mount 
Everest:  each  of  those  suggested  has  in  turn  been  shown  to  be  inapplicable,  and  the 
evidence  that  no  such  name  exists  is  overwhelming.  In  the  meantime  the  name  Mount 
Everest  has  been  widely  adopted,  and  it  would  be  a  mistake  to  go  back  upon  it  now« 
Personal  names  for  geographical  features  are  doubtless  objectionable,  but  we  must 
accept  accomplished  facts :  geographical  progress  is  retarded  by  unprofitable  changes 
and  by  barren  controversies  over  names.^ 

No  native  name  for  peak  K*  could  be  discovered  by  surveyors,  and  in  1856  it  was 

designated  K'  by  Montgomerie.  The  designation  has  been 
generally  accepted,  and  will  now,  it  is  hoped,  be  retained  in 
perpetuity. 

When  the  final  results  of  the  Kashmir  Survey  were  being  prepared  for  publication, 
the  numbering  of  the  peaks  of  the  Karakoram  range  was  altered  in  order  to  produce 
continuity  from  west  to  east,  and  in  some  pubUcations  of  the  Great  Trigonometrical 
Survey  the  peak  K'  is  shown  as  Karakoram  No.  13.  This  duplication  of  designations 
is  now  regretted,  and  the  symbol  K^  will  alone  be  used  in  future. 

The  height  first  given  by  the  Survey  to  K*  was  28278  feet;  the  value  now 
accepted  is  28250  feet. 

Schlagintweit  thought  that  the  native  name  of  peak  K^  was  Dapsang :  Sir  Martin 
Conway  gave  it  as  Chiring:J   and  other  travellers  have  reported  it  to  be  Chogo  Ri.8 


♦  Latitado  29°6(r  N.;  Longitude  89°6(r  E.     Oeographical  Journal,  Volume  XXV,  p.  179. 

t  In  connection  with  the  subject  of  personal  names  Lieutenant  Wood,  B.N.,  is  often  quoted  as  having  given 
the  name  of  Victoria  to  the  lake  of  Sir-i-Kul  in  the  Pamirs ;  it  may  therefore  not  be  out  of  place  to  quote 
Wood*s  own  words  :  "  As  I  had  the  good  fortune  to  be  the  first  European  who  in  later  times  had  succeeded  in 
**  reaching  the  sources  of  this  river ,  and  as,  shortly  before  setting  out  on  my  journey,  we  had  received  the  news  of 
**  her  gracious  Majesty's  accession  to  the  throne,  I  was  tempted  to  apply  the  name  of  Victoria  to  this,  if  I  may  so 
"  term  it,  newly  re-discovered  lake ;  but  on  considering  that  by  thus  introducing  a  new  name,  however  honoured, 
'*  into  our  maps  a  great  confusion  in  Geography  might  arise  I  deemed  it  better  to  retain  the  name  of  Sir-i-KuJ,  the 
*'  appellation  given  to  it  by  our  guides.'* 

{  Proceedings,  Royal  Oeographical  Society,  VoL  XIV,  p.  857,  and  Oeographical  Journal,  VoL  I,  p»  177. 

§  Ri  merely  means  **  mountain.' 


)» 
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None  of  these  names  is  in  common  use  by  the  natives,  and  nothing  would  be  gained 
by  the  adoption  of  any  one  of  them. 

Sir  M.  Conway  writes  of  the  Chogo  peak  as  being  quite  distinct  from  K^  and  Dr. 
Hunter  Workman  attaches  the  name  of  Chogo  Ri  on  his  map  to  a  different  peak  from 
K^.     Professor  Norman  Collie  gives  the  name  Chogolisa  to  peak  No.  46  of  table  iv. 

In  1888  at  a  meeting  of  the  Royal  Geographical  Society  it  was  proposed  by 
General  Walker  to  give  the  name  of  Godwin- Austen  to  peak  K*  after  the  ofl&cer 
who  first  surveyed  the  Karakoram  range  and  glaciers ;  the  name  Godwin- Austen  is  now 
applied  to  the  peak  by  many  map-makers,  but  it  has  not  been  accepted  by  the 
Surveyor  General  of  India  and  has  not  been  entered  on  the  maps  of  the   Government 

of  India. 

Of  all  the  designations  suggested  for  the  supreme  peak  of  the  Karakoram  that 
of  K*  has  now  the  widest  vogue,  and  it  will  be  in  the  interests  of  uniformity,  if  this 
symbol  be  adopted  henceforth  to  the  exclusion  of  all  others.  The  permanent  adoption 
of  the  symbol  K*  will  serve  to  record  the  interesting  facts  that  a  mountain  exceeding 
28000  feet  in  height  had  not  been  deemed  worthy  of  a  name,  by  the  people  living  under 
its  shadow,  and  that  its  pre-eminent  altitude  was  unsuspected  until  it  was  brought  to 
light  by  trigonometrical  observations. 

The  name  Eanchinjunga  has    been    spelt  in  a  variety  of  ways.     Uniformity  in 

spelling  is  of  more  importance  to  geographers  than  correct- 

enameo  junga.         j^q^^.     The  corrcct  forms  are  doubtless  Kanchenjunga    or 

Kanchendzonga,  but  the  more  familiar  form  of  Kinchinjunga  is  that  adopted  by 
the  new  Imperial  Gazetteer,  and  this,  it  is  to  be  hoped,  will  now  come  into  general 
use.     In  north-eastern  Nepal  Kinchinjunga  is  known  as  Kumbhkaran  Langur. 

The  name  of  Leo  Pargial  has  figured  too  long  upon  maps  to  be  abandoned  now, 

but  the  natives  on  both  sides  of  the  Bashahr-Tibet  border 

Leo  Pargiai. 

call  the  peak  Rio  P6rgy61.     Rio  is  merely  a  different  form 
of  the  word  Ri,  meaning  mountain,  as  in  Chumalhari. 
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ON  THE  ERRORS  OF  THE  ADOPTED  VALUES  OF  HEIGHT 

The  values  of  height  given  in  tables  i  to  vi  of  this  paper  must  be  accepted  with 
<3aution ;  some  are  more  reliable  than  others,  but  none  are  correct  to  a  foot,  and  many 
investigations  will  have  to  be  completed  before  altitudes  can  be  determined  with  a 
greater  degree  of  accuracy  than  at  present. 

All  observations  are  liable  to  error ;  no  telescope  is  perfect,  no  level  is  entirely 
.  .       ^.  trustworthy,  no  instrumental  graduations  are  exact,   and 

errors  ot  oDsenranoii.  "^  ^ 

no  observer  is  infallible. 
In  ordinary  triangulation  the  objects  to  be  observed  are  sharp  and  specially  erected 
signals,  but  for  the  observations  of  a  high  peak,  the  summit,  however  ill-defined,  cannot 
be  furnished  with  a  suitable  mark. 

If  a  flat- topped  peak  be  observed  from  a  near  station ,  the  surveyor  runs  the  risk  of 
mistaking  some  lower  point  for  the  summit,  the  latter  being  obscured  from  his  view  by 
an  intervening  shoulder. 

Errors  of  measurement  however  can  be  greatly  reduced  and  rendered  practically 
negligible,  if  a  peak  be  observed  with  a  good  theodolite  on  several  occasions  and 
from  different  stations ;  observations  of  Mount  Everest,  of  K^,  of  Kinchinjunga,  and  of 
others  have  been  repeated  so  often  and  from  so  many  different  places  that  the  local 
angles  of  elevation  have  been  probably  determined  within  one  or  two  seconds  of  the 
truth  and  the  errors  in  the  mean  values  of  height  diie  to  faults  of  ohservalion  are  probably 
less  than  10  feet.  But  in  the  cases  of  peaks  Nos.  18  and  30  of  table  iv,  and  others, 
which  have  been  observed  from  one  station  only  and  on  but  few  occasions  from  that, 
errors  due  to  faults  of  observation  may  attain  to  100  feet.  A  single  intersection  of  a 
peak  from  a  single  station  deserves  no  weight  whatever :  it  may  give  a  result  hundreds 
of  feet  in  error. 

Heights  in  the  Himalaya  that  have  been  measured  from  one  or  two  stations  only 

may  in  places  be  thrown  into  error  to  the  extent    of  10  or 
height  for  the  observing  station.        15   feet   by   the   adoption    01  crroueous  altitudes  for   the 

stations  of  observation. 
In  the  case  of   the  Karakoram   and  Ladak  ranges   the  liability  to   error  on  this 
account  is  larger  and  is  perhaps  30  feet :  the  peaks  of  the  Hindu  Kush  have  been  observed 
from  less  known  stations  than  those  of  the  Karakoram  and  are  possibly  70  feet  in  error 
in  consequence. 

The  Kashgar  range  being  still  more  remote  from  the  triangulation  of  India,  the 
heights  of  its  peaks  are  less  reliable  thd,n  those  of  the  Hindu  Kush  ;  and  the  peaks  of 
Kungur  and  Muztagh  Ata  may  be  in  error  by  300  feet,  or  even  more,  on  account  of  the 
accumulation  of  error  in  the  assumed  altitudes  of  the  stations  from  which  they  have  been 
observed. 
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An  element  of  uncertainty  is  introduced  into  heights  by  the  fact  that  the  altitudes^ 

of  peaks  are  always  varying  in  nature  with  the  increase- 
and  decrease  of  snow.  The  discrepancies  that  obtain 
between  the  different  determinations  of  height  of  the  same  peak  may  be  partly  due  to- 
the  fact  that  some  observations  have  been  made  after  the  snow  has  been  accumulating, 
and  others  after  it  has  been  diminished  by  heat,  evaporation,  wind,  and  avalanches. 
All  heights  on  land  have  to  be  measured  from  the  surface  of  the  sea,  and  as  the  latter 
rises  and  falls  with  the  tides,  a  mean  level  of  the  sea  has  to  be  adopted ;  and  so  in  the 
case  of  the  great  peaks,  we  shall  have  eventually  to  assume  the  mean  level  of  the- 
snow  at  their  summits  as  the  altitude  to  be  determined. 

A  plumb-line  is  a  string  supported  at  its  upper  end  and  stretched  by  a  weight 
The  deviation  of  gwiyity  from  attached  to  its  lower  end.*  If  there  were  no  irregularities 
***       '  of  matter  near  the  earth's  surface  a  plumb-line  would  hang 

truly  normal ;  but  mountains  exert  a  lateral  pull,  and  tend  to  deflect  it  towards  them. 
In  the  same  way  as  plumb-lines  are  pulled  out  of  the  normal,  so  is  the  surface  of  water 
near  mountains  pulled  out  of  its  spheroidal  form.  The  attraction  of  the  great  mass  of 
the  Himalaya  and  ^Tibet  pulls  all  liquids  towards  itself,  as  the  moon  attracts  the  ocean,, 
and  the  surface  of  water  in  repose  assumes  an  irregular  form  at  the  foot  of  the  Hima- 
laya. If  the  ocean  were  to  overflow  northern  India  its  surface  would  be  deformed  by 
Himalayan  attraction.  The  liquid  in  levels  is  similarly  affected  and  theodolites  cannot 
consequently  be  adjusted :  their  plates  when  levelled  are  still  tilted  upwards  towards 
the  mountains,  and  angles  of  elevation  as  measured  are  too  small  by  the  amount  the 
horizon  is  inclined  to  the  tangential  plane.  At  Darjeeling  the  surface  of  water  in  repose 
is  inclined  about  35^  to  this  plane,  at  Kurseong  about  51'',  at  Siliguri  about  23^,  at 
Dehra  Dun  and  Mussooree  about  37^. 

No  attempt  has  yet  been  made  to  apply  corrections   to  the  values  of  heights  on 
account  of  Himalayan  attraction :  the  determinations  of  the  deflections  of  the  plumb- 


*  To  render  intelligible  references  to  the  deviation  of  gravity  it  is  neoessary  to  define  the  following  words, 
vertieai,  horizontal,  normal,  level,  tangential.  If  the  earth  had  been  at  rest,  it  would  under  the  influence  of  gravity 
have  assumed  the  form  of  a  sphere :  its  rotation  round  an  axis  has  converted  the  sphere  into  a  spheroid  flattened 
at  the  poles.  The  present  figure  of  the  earth  is  not  a  perfect  spheroid,  however,  as  the  surface  is  disfigured  by 
mountains  and  valleys,  which  are  rigid  enough  to  withstand  the  influences  of  gravity  and  rotation.  Everywhere 
in  fact  on  land  we  meet  with  slopes  and  cliffs  that  are  obviously  inclined  to  the  general  surface  of  the  earth. 
Water,  however,  whether  it  be  in  a  basm,  or  lake  or  ocean,  conforms  closely  to  the  spheroidal  surface,  and  it  Is 
more  exact  to  say  that  the  figure  of  the  sea  is  a  spheroid,  than  that  the  figure  of  the  earth  is  one.  The  surface 
of  the  sea,  however,  though  more  nearly  spheroidal  than  that  of  the  land,  suffers  from  slight  irregularities,  and  water 
in  repose  does  not  conform  exactly  to  the  spheroid.  Continents  and  mountains  attract  water  towards  themselves, 
and  their  attraction  disfigures  the  surfaces  of  oceans  and  ponds  and  levels.  If  the  earth  were  a  homogeneous  and 
perfect  spheroid,  the  direction  of  gravity  would  everywhere  be  perpendicular  to  its  surface,  but  the  earth  is^ 
irregular,  and  gravity  does  not  always  coincide  with  the  perpendicular  to  the  general  surface.  Gravity  acts  in  a 
direction  perpendicular  to  the  surface  of  water.  We  have  then  to  consider  what  we  mean  by  a  vertical  line— 
whether  it  is  the  perpendicular  to  the  earth's  mean  surface  or  whether  it  is  the  direction  of  gravity.  The  word 
vertical,  we  think,  should  be  employed  to  describe  the  direction  of  gravity ;  the  line  perpendicular  to  the  mean 
surface  should  be  called  the  normal.  The  actual  surface  of  the  sea  and  of  water,  however  disfigured  from  a 
spheroid,  is  the  level  surface,  and  the  word  level  should  only  be  applied  to  this  actual  surface.  The  following 
definitions  will  explain  the  difference  between  the  horizontal  and  taTigential  planes  at  any  point  of  the  earth's 
surface :  the  horizontal  is  the  plane  that  is  tangential  to  the  local  surface  of  water,  however  the  latter  may  be 
deformed :  the  tangential  plane  is  the  plane  that  is  tangential  to  the  mean  spheroidal  surface. 
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line  are  at  present  not  sufficiently  perfect  to  justify  the  results  being  utilised  to  correct 
altitudes."' 

We  know  that  all  angles  of  elevation  to  Himalayan  peaks  measured  from  the 
plains  of  India  and  from  the  outer  hills  are  too  small,  and  consequently  all  our  values 
of  Himalayan  heights  are  too  small.    Errors  of  this  nature  range  from  40  to  100  feet. 

Of  the  deflection  of  gravity  from  the  normal  in  Tibet  or  Kashgar  or  on  the  Kara* 
koram  or  Hindu  Kush  we  know  as  yet  nothing.  .j  i 

If  a  peak  be  observed  from  different  directions,  the  deflection  of  the  plumb-line  in 
the  plane  of  the  peak  will  probably  be  different  at  every  observing  station,  and  the 
several  values  of  height  may  consequently  appear  discordant.  Such  discordances^ 
however,  are  unavoidable ;  their  presence  implies  that  the  direction  of  gravity  has  been 
varying,  and  it  leads  us  to  hope  that  the  errors  due  to  deflections  of  the  plumb-line  are- 
tending  to  cancel  in  the  mean. 

The   most   serious   source    of  uncertainty    affecting    values   of     heights    is    the 
AtmosDh  •  Refr  cti  refraction  of  the  atmosphere.     A  ray  of  light  from  a  peak 

to  an  observer's  eye  does  not  travel  along  a  straight  line 
but  assumes  a  curved  path  concave  to  the  earth.  The  ray  enters  the  observer's  eye  in 
a  direction  tangential  to  the  curve  at  that  point,  and  this  is  the  direction  in  which  the 
observer  sees  the  peak.  It  makes  the  peak  appear  too  high.  Eefraction  is  greatest 
in  the  morning  and  evening  and  least  in  the  middle  of  the  day :  it  is  different  in 
summer  from  what  it  is  in  winter.  If  we  observe  Dhaulagiri  from  the  plains  of 
Gorakhpur,  it  appears  to  fall  500  feet  between  sunrise  and  the  afternoon,  and  to  rise 
again  300  feet  before  sunset.  Even  in  the  afternoon,  when  it  appears  lowest,  it  will 
still  be  too  high  by  perhaps  700  feet. 

In   1853  Sir  Andrew  Waugh  determined  the  curvature  of  the  path  of  a  ray  of 
light  between  the  outer  Himalaya  and  the  low  plains  of  Bengal  by  means  of  simul^ 
taneous  observations  taken  from  both  ends  of  the  ray.    He  then  assumed  that  the^ 
path  of  a  ray  to  a  snow  peak  would  be  similarly  curved,  and  he  reduced  the  apparent 
heights  of  the  peaks  accordingly.     But  we  believe  now  that  he  reduced  the  heights  by 
too  much :  his  determination  of  a  ray's  curvature  in  the  outer  Himalaya  was  correct, 
but  this  curvature,  we  think,  is  not  maintained  at  higher  altitudes.    As  the  rarefaction 
of  the  atmosphere  increases,   the  ray  assumes   a   less  curved  path,  and  Sir  Andrew 
Waugh' s  method  attributed  to  refraction  a  greater  effect  than  it  really   has.     To  the 
Karakoram  heights  Colonel  Montgomerie  employed  smaller  corrections  for  refraction 
than  Waugh  used  for  the  Himalaya. 


*  PhUowphieal  TranaaeHons  of  (he  Royal  Society  of  London:  Series  A,  Volume  905  (l90S)f  pp.  289  to  31S. 
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If  we  bring  together  in  the  following  table  the  different  errors  to  which  carefully 

determined  heights  of  peaks  are  liable  it  will  help  to  focus 

Summary  of  errors. 

our  ideas :  — 
Table  VIII. — Magnitudes  of  possible  errors. 


Souroe  of  error. 


Great  Himalaya 
range. 


Variations  of  snow-level  from  the  mean    • 

Errors  of  observation 

Adoption   of  erroneous  height    for   observing 

station 

Deviation  of  gravity 

Atmospheric  refraction   ..... 


Unknown 
10  feet 

10  feet 

60  feet,  too  small 

150  feet,  too  small 


Karakoram 
range. 


Unknown  . 
20  feet 

30  feet 
Unknown   . 
10  to  30  feet 


Kashgar 
range. 


Unknown. 
100  feet. 

300  feet. 
Unknown. 
50  feet. 


The  following  table  shows  how  the  different  values  of  the  height  of  Mount  Everest 


Deduction   of  the    height  of    have  been  dcduccd : — 

Mount  Everest 


Table  IX.— Height  of  Mount  Everest. 


Station  of  observation. 


Jirol 

^kGrzapuT 

Janjpati 

Ladnia 

Harpnr 

Sfinai 

Suberkum 

Do. 
Tiger  HiU 
Sandakphu 
PhaUut 
Senchal 

Mean 


Range  of  yariation  in  values* 


). 


f 

S 

o 

t 


1849 
1849 
1849 
1849 
1849 
1850 
1881 
1883 
1880 
1883 
1902 
1902 


I 


'S  o 
H 


Feet. 

220 

245 

255 

235 

219 

228 

11641 

11641 

8507 

11929 

11816 

8599 


o 

a 
& 

i> 

M 


Miles. 

118*661 

108-876 

108-362 

108-861 

111-523 

113-761 

87-636 

87-636 

107-952 

89*666 

85-553 

108-703 


«  _  o« 
Ago. 

OS  o 
s  C  g 

"a  OS 


a 


.J    '8*0 

d 


•oFo  ^6^ 


mil 


& 


z%i- 


-ill 


Feet 

30366 

30165 

30141 

30171 

30221 

30282 

29676 

29572 

29860 

29620 

29589 

29941 


Feet 
28991-6 
29005-3 
29001-8 
28998-6 
29026-1 
28990-4 


29002 


794     i  Misleading.t 


Feet 


29141 
29137 
29140 
29142 
29151 
29134 


Feet 

29141 

29135 

29117 

29144 

29146 

29160 


29141 


29141 


17 


43 


The  5th  column  gives  the  values  of  height  obtained  from  observation,  if  no 
correction  for  refraction  be  applied.  It  will  be  noticed  that  all  the  values  of  height  in 
this  column  derived  from  observations  taken  at  low-lying  stations  exceed  30000  feet, 
whereas  those  derived  from  observations  taken  at  high  altitudes  are  less  than  30000  feet. 

The  reason  of  this  difference  is  that  refraction  tends  to  elevate  a  peak  to  a  greater 
extent  when  the  observation  is  made  through  the  thick  atmosphere  of  the  plains  than 


*  The  range  of  variation  is  the  difference  between  the  largest  and  smaUest  values  of  height  in  the  column  above  ; 
it  is  the  maximum  discordance  obtained,  and  as  such  it  furnishes  evidence  as  to  the  correctness  of  the  refraction 
co-e£Bcient  adopted. 

t  The  extent  of  the  range  of  variation  affords  no  useful  information  unless  the  same  value  for  refraction  has  been 
■employed  throughout.  By  using  selected  values  of  refraction  we  can  make  all  values  of  height  identical  and  have  no 
range  of  variation  at  alL 
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when  the  line  of  sight  passes  only  through  the  rarefied  air  of  hill  stations.  It  will  be 
noticed  that  when  no  correction  for  refraction  is  applied,  the  largest  of  the  values  in 
the  6th  column  difEers  from  the  smallest  by  794  feet,  but  that  the  application  of 
corrections  reduces  the  discrepancies  materially. 

The  height  29141  is  still  probably  too  small,  as  it  has  yet  to  be  corrected  for  the 
effects  of  deviations  of  gravity.  Though  it  is  a  more  reliable  result  than  29002,  the 
latter  value  is  still  to  be  retained  in  maps  and  publications  of  the  Survey.  We  cannot 
claim  to  have  solved  the  problems  of  refraction,  nor  to  have  eliminated  all  uncertainties : 
our  knowledge  of  the  deflections  of  gravity  is  still  but  superficial,  and  although  we  may 
endeavour  continually  to  improve  our  heights,  it  would  be  a  mistaken  policy  to  in- 
troduce new  values  at  every  step  of  the  investigation.  Values  of  heights,  as  has  been 
explained  in  a  previous  section,  furnish  means  of  identification  and  are  not  to  be 
altered  frequently  or  without  good  reason.  We  have  discussed  the  height  of  Mount 
Everest  to  show  the  degree  of  uncertainty  attaching  to  it,  but  we  do  not  propose  to- 
substitute  29141  for  the  long  adopted  and  well-known  value  29002.* 

It  is  probable  that  the  accepted  height  of  Einchinjunga  is,  like  that  of   Mount 

Everest,  too  small :   the   following  table  shows  how  the^ 
height  of  Kinchinjunga  has  been  deduced  : — 


Deduction  of  the  height  of  Kin 
chinjunga. 


Table  X.— Height  of  Kinchinjunga. 


station  of  obsenration. 


Damdangi 

Thakarganj     . 

Bandarjnla 

Minai 

Baisi 

Harpiir 

Senobal 

Birch  HiU 

Tonglu    . 

Observatory  Hill 

Mean 


Range  of  variation  in  values  f 


I 

e 

I 


1847 

1847 
1847 
1860 
1860 
1849 
1847 
1847 
1847 
1884 


"1 


1= 


Feet. 

307 

264 

238 

228 

234 

219 

8699 

6874 

10073 

7162 


a 

8 

I 


Milee. 

84*961 

88-491 

92-660 

116- 174 

116-631 

124*694 

60168 

44-907 

46-369 

46-720 


s 


4>  "  Oi 

> 


Feet. 

28866 

28948 

29060 

29494 

29483 

29661 

28401 

28379 

28370 

28363 


Feet. 
28137-8 
28138-3 
28128-6 
28162-6 
28162-1 
28133-7 
28138-8 
28162-3 
28169-6 


28146 


1298 


Bfialeading.} 


'Ha 


"38 


|!%£i 


Feet 

28224 

28266 

28312 

28346 

28322 

28297 


28226 


28296 


14 


122 


If  we  examine  the  results  of  the  6th  column,  which  have  not  been  collected  for 
refraction,  we  find  that  all  the  heights  derived  from  observations  at  low-lying  stations^ 
exceed  28800  feet,  and  all  those  derived  from  observations  made  at  high  altitudes 
are  below  28410.  The  heavy  atmosphere  of  the  plains  had  greater  refracting  effects 
than  the  rarefied  air  of  the  hills  and  raised  the  peak  to  a  greater  extent. 

*  Swrvey  of  Indta^  Professional  paper  No.  9,  1906. 

t  The  range  of  variation  is  the  differenoe  between  the  largest  and  smallest  values  of  height  in  the  column  above  : 
it  is  the  maximum  discordance  obtained  and  as  such  it  furnishes  evidence  as  to  the  correctness  of  the  refraction 
oo-efBdent  adopted. 

{  The  extent  of  the  range  of  variation  affords  no  useful  information  unless  the  same  value  for  refraction  has  been 
emplo3red  throughout.  By  using  selected  values  of  refraction  we  can  make  all  values  of  height  identical  and  have  no- 
range  of  variation  at  aU. 
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If  no  correction  lOr  refraction  be  applied,  the  values  of  height  vary  from  28363 
to  29661,  a  discrepancy  of  1298  feet :  the  7th  and  8th  columns  show  how  this  discrep- 
ancy can  be  reduced  by  corrections  for  refraction. 

The. following  table  shows  how  the  height  of  Dhaulagiri  was  obtained :  no  obser- 
Deductiaa  of  the  height  of  Dhauia-     vations  have  been  taken  to  it  from  stations  in  the  hills : — 

Table  XI. — ^Height  of  Dhaulagiri. 


giri 


station  of  obMirvstkm. 


Morairi 

Banarsi 

Saonbarsa 

Porena 

Qhaos 

Talsipur 

Anarkali 


I 
t 

o 
o 


1848 
1849 
1849 
1849 
1849 
1848 
1848 


I 


^1 


m 


Mean  .... 

Range  of  variation  in  values  * 


Feet 
334 
329 
315 
299 
327 
376 
434 


I 

a 
£ 

8. 


•9. 

ft 


'I 


c>S  o 


Mlas. 
106*976 

96-G26 
104*043 
106-800 

96-812 
104-461 
137-340 


Feet. 
27974 
27928 
28093 
28011 
27862 
27930 
28640 


Feet. 
26791  0 
26773-8 
26830-8 
26813-1 
26776-6 
26824-8 
26766-6 


Feet 

27002 

27128 

27161 

27044 

27062 

26988 

27002 


788 


26796 


27062 


Misleading.  1 1 


163 


The  height  26796  is  too  low :  the  reductions  made  on  account  of  refraction  were 
too  great. 

The  observations  in  the  North- West  Himalaya  of  the  great  peaks  of  K*,  Nanga 
Parbat,  etc.,  were  taken  not  from  low  dusty  hazy  plains  as  those  of  the  Nepalese  peaks 
were,  but  from  high  stations,  and  the  rays  passed  through  a  rarefied  atmosphere. 

The  height  of  K*  was  deduced  by  Colonel  Montgomerie 
as  follows : — 
Table  XII.— Height  of  K^. 


Deduction  of  the  height  of  K^ 


station  of  ofaterration. 


Shanoniti 

Biachuihnsa 

Bianhala 

Kastor 

Thnrigo 

Haranmkh 

Kanuri-Nar 

Barwai 

Thalanka 


o 


i 


1869 
1869 
1868 
1868 
1868 
1866 
1867 
1857 
1867 


a 

o 

h 
^1 


H 


o 


M 

a 
& 
s 

I 


Mean 


I 


Bajiffe  of  variation  in  values  * 


Feet. 
17631 
16746 
16906 
16983 
17246 
16001 
16437 
16304 
16830 


MUes. 
78-9 
99-0 
68*6 
66-0 
61-8/ 
136-6 
114-3 
88-0 
74-7 


-IP 


Feet 

28640 

28846 

28472 

28660 

28616 

29300 

28920 

28666 

28613 


Feet 
28246-6 
28218-7 
28240-0 
28261*4 
28264*1 
28293*9 
28218-4 
28268-6 
28322-7 

28253 


828 


104 


*  The  range  of  variation  is  the  differenoe  between  the  largest  and  smallest  values  of  height  in  the  column  above; 
it  is  the  maximum  discordance  obtained  and  as  such  it  furnishes  evidence  as  to  the  coneotness  of  the  refraction 
co-efficient  adopted, 

^  The  extent  of  the  range  of  variation  atfords  no  useful  information  unless  the  same  value  for  reaction  has  been 
employed  throughout  By  using  selected  values  of  refraction  we  can  make  aU  values  of  height  identical  and  have  no 
range  of  variation  at  all. 
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The  following  table  shows  the  height  of  Nanga  Parbat  as  deduced  from  the  observ- 
Deduction  of  the  height  of  Nanga    ations  usiiur  different  refraction  co-efficients  : — 

Parbat.  ^ 


Table  XIII.— Height  of  Nanga  Parbat. 


1 

^1 

station  of 

o 

ii 

obcarratlon. 

Height 
tlono 
▼atkn 

\ 
1 

P 

¥ 

0-00 

0-01 

0-02 

0-08 

0*04 

0-05 

0*06 

0-07  ! 

Feet. 

Mflei. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

1 

1 

Feet. 

Ahartatopa 
Pahargarh 

1866 

19029 

188-744 

27885 

27646 

27407 

27168 

26029 

26680 

26449 

26210* 

1855 

11866 

118  -761 

27680 

27402 

27804 

27116 

26928 

26789 

26651 

26862 

Gogipatri 

1866 

7762 

96  066 

27882 

27211 

27090 

26969 

26848 

26726 

26604 

26486; 

Haramokh 

.  1866 

16001 

69-276 

26882 

26885 

20788 

26741 

26694 

26647 

26599 

26552 

Eajnag 

.  1866 

12111 

78-669 

27028 

26956 

26884 

26812 

26740 

26669 

26595 

26524. 

Podikar 

.  1866 

8828 

88-491 

27219 

27126 

27081 

26987 

26848 

26749 

26654 

26562 

IsmaO-dl-dorl 

.  1866 

12680 

68-806 

26947 

26892 

26837 

26782 

26727 

26671 

26617 

26568 

Safbpor 
Hant 

.  1866 

10296 

66-889 

26917 

26868 

26799 

26740 

26681 

26624 

26564 

26506 

.  1866 

18479 

48  167 

26771 

26746 

26721 

26696 

26671 

26646 

26621 

26596 

Manganwar 

.  l&^6 

8716 

66*510 

26854 

26811 

'  26768 

26726 

26682 

26688 

26596 

26553  1 

Maiinag.  . 

.  1966 

11814 

,  46-842 

26780 

26751 

26722 

26698 

26664 

26686 

26606 

26579 

Mean   .  . 

•      •  • 

•  • 

i 

27118 

27029 

26941 

,  26853 

26764 

26676 

26587  26499 

Bange  of  varia 

•  • 

■  • 

•  • 

3114 

900 

686 

475 

265 

126 

206   886 

ttonln  Talufli* 

1 

0«08        0*09      0*10 


Feet.      Feet.  <  Feet. 


26970 
26174 
26868 
26505 
26462 
26466 
26608 
26447 
26572 
26610 
26540 


26784 
26988 
26248 
26460 
26880 
26876 
26454 
26887 
26646 
26467 
26620 


126404 
< 26600 
26124 
26418 
26807 
26282 
26400 
26829 
26622 
26426 
36492 


26411  '26828 


26286 


602  '   812  .  1028 


It  will  be  noticed  that  when  a  co-efficient  of  0*10  is  used,  the  height  of  Nanga 
Parbat  as  determined  from  different  places  varies  between  25494  and  26622,  a  range 
of  1028  feet. 

This  great  variation  shows  that  the  co-efficient  of  O'lO  is  inapplicable:  with  a 
co-efficient  of  0-09  the  height  varies  from  26734  to  26646,  a  range  of  812  feet.  The 
range  of  variation  decreases,  until  with  a  co-efficient  of  0*06  all  the  values  of  height  fall 
between  26624  and  26749,  a  range  of  126  feet.  If  we  decrease  the  co-efficient  still 
further  to  0'04,  the  variations  again  begin  to  increase,  and  the  range  extends  to  265 
feet,  from  26664  to  26929  :  if  the  co-efficient  be  decreased  to  0*00  the  range  of  variation 
becomes  1114  feet. 

The  actual  height  adopted  by  Montgomerie  for  Nanga  Parbat  was  26620,  and 
we  are  unable  to  improve  upon  his  value  :  it  is  produced  if  a  general  co-efficient  of  0*067 
be  accepted  for  refraction. 

Is  the  great  Himalaya  range  still  rising  ?  This  is  a  question  often  asked  but  which 

no  one  has  been  able  to  answer.  The  observations  of 
peaks  made  between  1860  and  1860  were  not  sufficiently 
prolonged  at  any  one  station  to  enable  us  to  rely  with  certainty  on  the  values  of 
height  then  obtained.  When  the  absolute  height  of  a  peak  is  being  measured,  stations 
of  observation  have  to  be  multiplied  in  order  to  cancel  effects  of  refraction  and 
gravity,  but  when  a  slow  variation  in  height  is  being  determined,  it  is  better  to  carry 
out  long  series  of  observations  from  one  station  only.  In  the  latter  case  differences 
are  being  sought,  not  absolute  heights,  and  all  that  is  necessary  is  to  repeat  observations 


The  riae  of  the  Himalaya. 


*  The  zange  of  variation  is  the  differenoe  between  the  largest  and  smalleBt  values  of  height  in  the  oolumn  above  ; 
it  is  the  maximum  discordance  obtained  and  as  such  it  furnishes  evidence  as   to  the   correctness  of  the  refraction 
■KK>-effioient  adopted. 
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from  the  same  station,  on  the  same  days  of  the  year,  and  under  the  same  conditions. 
In  1906  a  series  of  observations  was  commenced  from  the  trigonometrical  station  of 
Nojli,  and  it  is  proposed  to  observe  the  heights  of  several  peaks  for  some  years  and  at 
different  seasons  in  each  year.  If  a  reliable  series  of  results  be  once  obtained,  a  similar 
set  of  observations  can  be  repeated  at  a  subsequent  date  and  any  actual  change  of 
height  that  has  occurred  in  the  interim  may  be  discovered. 

The  Siwalik  range  was  elevated  at  a  more  recent  date  than  the  Himalaya,  and  is^ 
the  most  likely  of  all  the  ranges  to  be  rising  stiU :  a  bench-mark  has  been  placed  on  the 
crest-line  south  of  Dehra  Dun,  and  its  height  has  been  determined  by  spirit  levelling : 
if  the  bench-mark  is  preserved,  future  changes  in  altitude  should  be  discoverable. 

Slow  changes  in  the  level  of  land,  unaccompanied  by  sudden  movements,  have  been 
observed  to  occur  along  many  coasts.  At  great  distances  from  the  sea  such  changea 
would  take  place  without  being  noticed :  without  the  aid  of  the  sea  as  a  datum  we  do 
not  observe  slow  gradual  movements,  and  a  continuous  rise  of  a  foot  a  year  might  go 
on  for  centuries  without  attracting  the  attention  of  man.  If  an  earthquake  occurs 
and  a  tract  of  land  suddenly  subsides  along  a  line  of  fracture  in  the  crust,  the  result  is 
apparent  and  measurable,  but  if  the  elevation  of  a  large  area  takes  place  in  all  direc- 
tions gradually  and  without  fracture  of  the  crust  or  any  marked  upheaval  it  may  be 
considerable  and  yet  escape  observation.  In  the  Dharmsala  earthquake  of  1906  an 
immense  region  may  have  been  elevated  or  depressed  through  m^y  feet,  but  if  the 
change  were  nowhere  sudden  we  should  not  without  refined  trigonometrical  observa- 
tions become  aware  of  its  occurrence. 


NOJLI   TOWER. 
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ON  THE  FREQUENCY  WITH  WHICH  PEAKS  OF  CERTAIN  HEIGHTS  TEND 

TO  OCCUR. 

Lest  this  review  should  degenerate  into  tables  of  numerical  data  we  hava 
refrained  from  continuing  the  lists  of  peaks  below  24000  feet,  but  in  deduciog  the 
'Continuity  of  ranges  amid  a  vast  mountainous  area  it  is  necessary  to  take  into  account 
the  lower  peaks. 

The  following  table  shows  the  total  number  of  peaks  exceeding  20000  feet  that 
have  been  discovered.  The  chart  forming  the  frontispiece  illustrates  the  ranges  to 
which  the  several  peaks  of  the  table  have  been  allotted  : — 

Table    XIV. — ^The  numbers  of  peaks  of  different  altitudes  which  have  been  dis- 
covered in  Asia. 


1 

Peaks  of 

PealcBof 

Peaks  of  Peaks  of 

PlAKB  OV  mST 
KAaiUTVDB. 

Between 
20000 

Between 
21000 
and 

Between 

22000 

and 

Between 

6th 
tode 

4th 
tade 

%d 
tade 

2nd 

Beslon. 

Range. 

souuu 
and 

tade 

21000 

22000 

23000 

24000 

24000 

25000 

20000 

27000 

28000 

Above 

feet. 

feet. 

feet 

feet. 

to  25000 

tt)  20000 

to  27000|to  28000 

to  29000 

20000 

ftwt. 

feet. 

fbet. 

fbet. 

flwt. 

feet. 

( 

TianShan     . 

•  • 

•    • 

•   • 

1 

•   • 

•   ■ 

•  • 

Tranfl-     \ 

TransAlai     . 

■  • 

1 

1 

. . 

•   • 

•  • 

•  • 

Tibetan,    i 

Elashgar 

1 

•   • 

2 

• . 

1 

2 

•   « 

L 

Sarikol 

1 

■    ■ 

•  • 

• . 

■  • 

. . 

«   • 

( 

KuenLun 

67 

28 

10 

3 

1 

• . 

•   • 

North-     J 

Aghil 

24 

2 

1 

■• . 

■   • 

• . 

•   • 

West  Tibet  ; 

Earakoram    . 

92 

71 

28 

10 

7 

10 

4 

c 

Hindu  Koah  . 

49 

29 

13 

9 

3 

1 

•  • 

f 

< 

Kailas,  West 

9 

8 

6 

• . 

2 

1 

•  • 

Kailas»  East  . 

11 

12 

•  ■ 

2 

•  • 

•  • 

•  • 

Southern 

Ladak,  West 

11 

5 

1 

•  • 

•  • 

•  • 

•  • 

Tibet.     < 

Ladak,  East  . 

11 

\% 

5 

•  « 

•  • 

1 

•  ■ 

\ 

Ninchinthangla 

5 

3 

1 

1 

•  • 

.  • 

•  ■ 

L 

Zaskar  .... 

20 

11 

6 

2 

-  • 

1 

•  • 

r  Great  Himalaya  range— 

(In  Assam)     . 

9 

3 

6 

6 

3 

•  « 

•  • 

•   • 

•    • 

e   • 

^imalava  .  j 

(In  Nepal)      . 
(In  Kumaun) 

15 

36 

33 

17 

9 

13 

6 

2 

1 

1 

27 

24 

32 

9 

1 

2 

•  • 

•  • 

«    ■ 

»  . 

V 

(In  Punjab)   . 

7 

6 

2 

2 

■  • 

1 

1 

■  • 

•    • 

.  fc 

C 

Jjeflser     Himalaya   range 

r 

Himalaira  .  \ 

(between     Kulu     and 

X 

Lahaul) 

5 

«  • 

•  • 

•  • 

■  • 

■  • 

•  • 

•  • 

•    • 

•   • 

Total 

354 

260 

146 

62 

27 

32 

11 

2 

2 

1 

..    _       _     _ 

I 

— - 

Bussian  suirveyors  probably  know  of  more  peaks .  exceeding  20000  feet  than  we 
have  been  able  to  allot  to  the  Tian  Shan  and  Trans  Alai  ranges :  but  they  have  only 
discovered  one  peak  above  23000  feet,— Tengri  Kian  (t;ufe  table  vi  ).  The  highest 
peak  of  the  Trans  Alai  ranire  is  Elaufmann  (table  vi). 
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Twenty-seven  peaks  exceeding  20000  feet  have  been  allotted  in  the  table  to  the- 
Aghil  range  :  these  peaks  when  plotted  appear  to  stand  between  the  Karakoram  and 
Knen  Lnn  ranges,  but  they  are  insufficient  in  number  to  enable  the  intervening  ranges 
to  be  traced :  it  is  possible  that  some  of  these  peaks  belong  properly  to  the  Karakoram 
range  and  some  to  the  Kuen  Lun :  no  certain  distribution  can  be  made  at  present,, 
and  the  trend  of  the  Aghil  range  as  shown  on  the  frontispiece  chart  must  be  regarded 
as  problematicaL 

The  single  peak  of  the  Ladak  range  that  exceeds  26000  feet  in  height  is  Gurla^ 
Mandhata :  the  great  peak  of  the  Zaskar  range  is  Kamet :  the  highest  peak  of  the  ELailas 
range  is  Bakaposhi.  The  Kailas  and  Ladak  ranges  have  for  convenience  been  divided 
into  east  and  west  sections  at  lake  Manasarowar. 

The  totals  in  table  xiv  show  us   that  more  peaks  of  the  fourth  magnitude   have- 
been    discovered   than  of  the  fifth.    This  phenomenon 

The  effect  of  mow  upon  heights.  *  .   m  •         ^t_    ^    ^^    •  j.  -j  t_  j.t- 

is  SO  striking  that  it  is  necessary  to  consider  whether 
it  can  be  due  in  any  way  to  snow-fall, — whether  there  can  exist  some  critical  altitude 
at  which  a  maximum  amount  of  snow  tends  to  accumulate. 

The  term  ^^  snow-line  "  is  the  line  through  a  mountain  region  along  which  the 
quantity  of  snow  that  falls  annually  is  equal  to  the  quantity  that  is  melted  annually ; 
below  this  line  more  snow  can  be  melted  in  a  year  than  actually  falls ;  above  the  snow- 
line more  snow  falls  than  can  be  melted.  In  the  Kumaun  Bimalaya  the  snow-line 
was  determined  by  General  Richard  Strachey  to  be.  15600  feet  on  the  south  side  of 
the  great  range  and  18600  feet  on  the  north  side.'*' 

As  we  ascend  above  the  snow-line,  we  find  the  depth  of  perpetual  snow  tending- 
to  increase,  but  we  do  not  know  at  what  altitude  in  any  given  region  the  accumulation 
becomes  a  maximum.  As  the  altitude  increases,  less  snow  is  melted  in  the  year,  but^ 
the  amounts  removed  by  wind  and  evaporation  may  for  what  we  know  to  the  con- 
trary be  greater  :  the  snow-fall  moreover  itself  decreases  with  height,  and  at  a  certain 
altitude  the  decrease  in  fall  begins  to  produce  a  diminution  in  the  amount  annually^ 
accumulated. 

The  problem  is  complicated  too  by  considerations  other  than  meteorological  iL 
flat-topped  summit  will  accumulate  greater  masses  of  snow  than  a  precipitous  and 
pointed  peak.  Mountains  such  as  K^,  Nanga  Parbat,  or  Rakaposhi  are  too  sharp  to- 
allow  the  snow  to  he  in  quantity ;  as  soon  as  snow  falls  upon  them  it  descends  in  the 
form  of  avalanches  to  lower  levels  and  hardens  into  glacier-ice.  But  the  great  Tirich. 
Mir  group  of  peaks  have  rounded  tops,  which  have  possibly  been  formed  by  constant 
accumulations  of  snow. 

The  question  is  therefore  not  simply  one  of  the  balance  of  snow-fall  and  meltings 
for  the  shape  of  a  peak  is  a  most  important  factor.  The  peaks  on  which  snow  has 
been  accumulating  for  centuries  are  those  possessing  flat  tops,  and  as  flat  tops  are 
not  more  likely  to  occur  at  one  altitude  than  at  another,  it  is  not  possible  to  attribute 


«  Vide  Section  19,  Part  II  of  this  paper. 
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the  great  number  of  peaks  of  the  fourth  magnitude  to  excessive  accumulations  of  snow 
at  26000  feet. 

In  the  Himalayan  system  of  ranges  the  great  peaks  may  be  divided  into  twelve 

groups :  in  two  the  principal  peaks   exceed    28000  feet^ 

Peaks  of  24000  feet    are  compara-      •      n         t  -•ii*i 

Uvdy  rare.  m  five  the  pimcipals  he  between  26000  and  27000  feet, 

in  three  between  26000  and  26000,  and  in  onlv  two  are 
the  principals  between  24000  and  26000.* 

In  the  Karakoram  system  the  same  paucity  of  24000  feet  peaks  is  observed :  one 
group  surrounds  a  principal  exceeding  28000  feet ;  seven  groups  surround  principals 
of  26000  feet,  and  in  two  groups  only  are  the  principals  of  24000  feet. 

In  the  Himalayan  system  there  are  many  groups  of  peaks  the  principals  of 
which  rise  to  23000  feet :  amongst  others  table  vi  shows  Api  (23399  feet),  Badri- 
nath  (23190  feet),  Chumalhari  (23930  feet),  Dayabhang  (23760  feet),  Gaurisankar 
(23440  feet),  Ser  or  Nana  (23410  feet). 

So  far  then  as  observations  have  gone,  peaks  of  24000  feet  have  been  found  to 
be  relatively  rare,  and  principals  of  groups  of  that  height  very  rare.  At  the  same 
time  the  incompleteness  of  the  trigonometrical  survey  has  to  be  borne  in  mind ;  the 
peaks  of  Nepal  were  observed  from  very  distant  stations  situated  on  the  low-lying 
plains  of  India,  and  some  are  known  to  have  been  hidden  from  observers  by  clouds. 
A  trigonometrical  surveyor  has  no  fixed  observatory  in  which  he  can  wait  with 
patience  for  clear  days :  he  has  to  observe  from  many  stations  in  the  course  of  a 
year,  and  has  always  to  be  moving  forward.  In  observing  important  peaks  he  may 
consider  it  justifiable  to  delay  for  days  to  ensure  that  no  great  altitude  has  been 
missed,  but  some  of  the  minor  peaks  may  be  lost,  if  clouds  are  persistent. 

For  weeks  together  the  snow-peaks  will  be  visible  for  a  short  time  after  simrise^ 
and  then  become  obscured  for  the  rest  of  the  day  by  clouds  or  dust-haze  rising  off  the 
plains :  the  surveyor  utilises  the  few  minutes  at  his  disposal  in  observing  carefully 
the  principal  peaks  in  view,  but  he  has  not  the  time  to  make  an  exhaustive  study  of 
the  range.  So  long  as  the  Nepal  peaks  have  to  be  observed  from  distances  of  100  miles 
the  trigonometrical  survey  will  remain  incomplete.f 

In  view  of  the  known  incompleteness  of  the  survey,  as  a  whole,  a  discussion  of  the 
numbers  of  peaks  of  the  fourth  and  fifth  magnitudes  may  be  considered  superfluous. 
But  though  the  data  are  insufficient  to  justify  conclusions  being  drawn,  observed  pecu- 
liarities are  deserving  of  notice.  The  surface  features  of  the  solid  earth  do  conform 
generally  to  the  laws  of  probability  :  half  the  whole  surface  of  the  lithosphere  is  situated 
within  700  feet  of  sea-level,  and  the  highest  heights  and  the  deepest  deeps  occur  very 
rarely.  It  was  reasonable  to  expect  that  we  should  discover  more  peaks  of  20000  feet 
than  of  21000  feet  and  more  of  23000  feet  than  of  24000,  and  this  we  have  done  :  but 

*  The  aotaal  number  of  Hiinalayaa  groups  is  ten ;  Kamet  and  Qnrla  Mandhata  niad  the  total  to  twelT«ii 

t  The  Kmnaun  and  Punjab  Himalaya  have  however  been  very  closely  examined  and  the  absenoe  of  peaks  of  24000 
feet  is  move  marked  than  in  NepaL 

Colonel  Tanner,  who  oboerred  the  peaks  of  Nepal  from  many  different  places,  with  the  object  of  supdementing  the 
preyions  obeeryations  of  the  Great  Trigonometrical  Surrey,  wrote  "  Very  few  of  the  groat  peaks  eeoaped  tne  observers  of 
'•the  Tdgonometrical  Survey." 
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Application  of  the  law  of  probability. 


there  is  one  striking  exception  to  the  rule, — the  peaks  of  the  fourth  magnitude  exceed  in 
number  those  of  the  fifth. 

From  present  data  it  is  difficult  to  calculate  by  the  law  of  probability  how  many 

peaks  of  any  particular  altitude  may  be  expected  to 
exist  in  a  given  region;  we  have  as  yet  no  satisfactory 
basis.  We  cannot,  for  instance,  take  the  peaks  of  20000  and  21000  feet  as  our  data 
and  deduce  from  them  the  probable  numbers  of  other  heights,  because  we  know  that 
many  peaks  of  20000  and  21000  feet  have  escaped  our  surveyors  and  that  our 
observed  numbers  are  in  defect  of  reality. 

We  can  calculate  the  probable  numbers  of  peaks  upon  the  hypothesis  that  all 
existing  peaks  above  26000  feet  have  been  discovered,  but  this  hypothesis  is  not  satis- 
factory  as  it  gives  undue  weight  to  the  few  highest  peaks. 

Finally,  we  can  take  the  peaks  of  26000  and  26000  feet,  and  assuming  that  no 
others  of  such  heights  exist  undiscovered,  we  can  deduce  the  probable  number  of 
peaks  of  all  heights.  The  objection  to  this  hypothesis  is  that  there  are  reasons  for 
believing  that  the  number  of  peaks  of  25000  feet  is  larger  than  the  law  of  probability 
would  give. 

In  the  following  table  is  shown  the  number  of  peaks  of  each  altitude  that  the 
law  of  probabiUty  would  lead  us  to  expect  to  find  : — 

Table  XV. — Comparisons  between  probable  and  actual  numbers. 


Height  in  feet. 


Above  29000 

Between  28000  and  29000. . 

27000  and  28000. . 

26000  and  27000.. 

25000  and  26000.. 

24000  and  25000.. 

23000  and  24000. . 

22000  and  23000. . 

21000  and  22000.. 

20000  and  21000.. 


Probable  number 
of  peaks  on  the  as- 
sumption that  there 

exist  eleven 
between  26000  and 
27000  and  one  peak 

above  29000  feet 


Actual 
number 
of 
peaks 
dis- 
covered. 


..    1 

.   2 

..   5 

.    11 

.   23 

.  47 

,   93 

179 

335 

607 


.   1 

.  2 

.  2 

11 

32 

27 

62 

146 

250 

354 


Discrepancy 

between 

probables 

and  actuals. 


Probable 

number   of 

peaks  on  the 

assumption 

that  there  exist 

eleven  peaks 
between  26000 
and  27000  and 

thirty-two 
between  25000 
and  26000  feet. 


Actual 
number 

of 
peaks 

dis- 
covered' 


Discrepancy 
between 
probables 
and 
actuals. 


..  0 

..   0 

-3 

.     0 

+  9 

—20 

—31 

—33 

—85 

-253 


...  1 
...  1 
...  4 
..  11 
..  32 
..  84 
218 
544 
1302 
2996 


...  1 

1 

.....  0  .. 

...  2 

...   +1  .. 

...  2 

...  -2  .. 

..  11 

0  .. 

..  32 

0  .. 

..  27 

..  -57  .. 

..  62 

.  -156  .. 

.  U6 

.  —398  .. 

.  250 

—1052  .. 

.  354 

—2642  .. 

In  the  first  half  of  this  table  the  probable  numbers  are  calculated  on  the  assump- 
tion that  eleven  peaks  between  26000  and  27000  feet  exist  and  one  peak  of  29000 
feet.  On  this  assumption  the  actual  number  of  peaks  below  25000  feet  is  shown 
throughout  to  be  less  than  the  probable  number, — a  deficiency  that  can  only  be  regarded 
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as  reasonable  seeing  that  many  peaks  of  these  heights  are  known  to  be  still  unobserved. 
The  curious  feature  of  this  portion  of  the  table  is  that  the  actual  number  of  peaks 
between  26000  and  26000  feet  exceeds  the  probable  number  by  9.  The  meaning 
of  this  excess  is  that  the  number  of  existing  peaks  between  25000  and  26000  feet  is 
greater  than  would  be  expected  from  the  number  known  to  exist  above  26000  feet. 

In  the  second  half  of  the  table  the  probable  numbers  have  been  calculated  on  the 
assumption  that  eleven  peaks  exist  between  26000  and  27000  feet  and  thirty-two 
between  25000  and  26000  feet.  The  result  of  including  these  thirty- two  peaks  in  the 
data  is  to  increase  greatly  the  numbers  of  inferior  peaks :  the  increase  becomes  enormous 
if  the  table  is  extended  down  to  16000  feet,'*'  and  the  numbers  of  peaks  then  shown  as 
probably  existing  are  clearly  in  excess  of  the  actuals.  The  meaning  of  this  excess  is 
that  the  number  of  existing  peaks  between  25000  and  26000  feet  is  greater  than  would  be 
expected  from  the  number  believed  to  exist  below  25000  feet. 

Whilst  then  we  recognise  the  insufficiency  of  our  data,  we  think  that  the  results  of 
table  XV  are  not  without  interest :  we  find  from  that  table  that  the  number  of  peaks 
between  25000  and  26000  feet  is  unduly  great,  whether  they  be  compared  with  those 
above  26000  or  with  those  bdow  25000  feet. 

The  height  of  the  rock  summit  of  a  peak  is  the  resultant  effect  of  two  forces, — (i)  the 
force  of  compression  which  elevated  the  range,  (ii)  the  erosive  force  which  is  lowering 
the  range.  The  rock  summit  is  covered  by  an  unknown  amount  of  snow.  If  we  reject 
the  snow-covering  as  insignificant  in  effect,  we  shaU  have  to  assume  that  the  combined 
actions  of  the  compressing  and  eroding  forces  have  tended  to  produce  in  Asia  an 
exceptional  number  of  peaks  attaining  25000  feet. 


*  Prob&ble  numbers  of  peaks : — 


Height  in  feet. 


Between  19000  and  20000 
18000  and  19000 
17000  and  18000 
16000  and  17000 


ft 


»» 


Basia  of  calculation : 
one  peak  above  29000, 
eleven  peaks  between  26000 
and  27000  feet 


1070 
1833 
3048 
4923 


Basis  of  calculation : 
eleven  peaks  between  26000 
and  27000, 
thirty-two  peaks  between  25000 
and  26000  feet. 


6616 
14030 
28666 
56848 


p2 
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ON  THE  GEOGKAPHICAL  DISTKIBUTION  OF  THE  GREAT  PEAKS. 

One  of  the  difficulties  encountered  in  the  classification  of  mountain-peaks  is  that 
absolute  altitude  is  not  a  true  indication  of  regional  importance. 

The  presence  of  a  peak  of  20000  feet  that  surpasses  in  height  all  other  surrounding 
summits  furnishes  more  instructive  lessons  than  one  like  Jano  (25294  feet),  which  is  a 
mere  projection  from  a  buttress  of  Ejnchinjunga. 

Peaks  may  in  fact  be  divided  into  four  classes  according  to  their  relative  local 
importance  : 

(i)  There  is  the  principal   of  a  group  like  Everest  (29002  feet)  or  Tirich  Mir 

(26426  feet), 
(ii)  There  is  the  tmn  of  the  principal  like  Kinchinjunga  H  (27803  feet)  or  Mer 
(23250  feet) — situated  in  close  proximity  to  the  principal  and  rivalling  it 
in  altitude, 
(iii)  There  is  the  comptmion  like  Makalu  or  Gasherbrum,  which  situated  in  the 

vicinity  of  the  principal  is  1000  or  perhaps  2000  feet  lower, 
(iv)  There  is  the  satellite  like  Jano  or  Kabru,  3000  or  4000  feet  lower  than  the 
principal 
In  the  following  table  the  great  peaks  of  the  Himalaya  are  divided  into  regional 
groups :  those  that  are  twins  are  marked  by  an  asterisk.     The  numbers  of  the  peaks 
are  taken  from  tables  i  to  v  of  this  paper. 
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Out  of  the  75  j^eaks  of  Asia  that  aie  known  to  exceed  24000  feet  in  height,  42 
have  been  distributed  amongst  the  ten  groups  above  and  may  be  regarded  as  belonging 
to  the  Himalayan  system. 

Tablb  XVIL — Summary  of  Himalayan  peaks. 


Na  of  group. 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 


Naiae  of  group. 


No.  of  great  peaks 

exceeding  24000 

feet 


EulhaEangri 

Einchinjunga 

Everest 

GoBainthan 

Dhaulagiri 

Eumaun 

Eashmir 


Total  number  of  great  peaks  on  Himalayan  range 

Total  number  of  Trans-Himalayan  great  peaks 
north  of  Eumaun  group. 


3 
7 
9 
2 
1 
3 
4 
6 
3 
2 


40 


Total 


42 


We  described  on  page  10  how  few  peaks  were  really  peaked  in  the  true  sense  of  the 
word ;  and  of  true  peaks  there  is  hardly  one  that  can  be  accurately  described  as  solitary. 
Nanga  Parbat  (26620  feet)  is  the  most  famous  example  of  a  solitary  cone,  but  even 
Nanga  Parbat  has  a  companion  (25572  feet)  standing  at  a  distance  of  a  mile  and  a 
satellite  (23170  feet)  within  3  miles. 

Gurla  Mandhata  is  often  described  as  a  solitary  peak,  but  it  has  two  satellites  : 
one  of  these,  22846  feet  in  height,  stands  2  miles  N.  of  its  principal  ;  the  other  is  22673 
feet  and  3  miles  E.N.E. 

Kamet  appears  on  the  charts  to  be  standing  alone  on  the  border  of  Tibet,  but  the 
peak  of  Mana  (23862  feet)  is  within  3  miles  of  it. 

The  accompanying  plate  contains  two  drawings  by  Colonel  George  Strahan,  R.E. 
That  of  Nanga  Parbat  furnishes  a  fine  example  of  a  solitary  peak.  The  other  shows  the 
twin  peaks  of  Bandarpunch  with  their  connecting  ridge  resembling  a  suspended  chain ; 
these  twin  peaks  are  3000  yards  apart  and  20720  and  20017  feet  in  height  respectively. 
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The  ten  groups  of  the  Karakoram  system  may  now  be  summarised : — 

Table  XIX. — Summary  of  Karakoram  peaks. 


Naof 
group. 


Name  of  group. 


No.  of  great  peaks 
exceeding  24000  feet. 


XI 


XII 


XIII 


Shyok  Nubra 


XIV 


Karakoram 


XV 


Kunjut 


XVI       Hunza-Kunji 


XVII      Tirich  Mir 


Total  number  of  great  peaks  on  the  Karakoram  range 


XVIII      Great  peaks    between  the  Indus  river    and    the  Karakoram 
range 

XIX  So  XX    '  Great  peaks  north  of  the  Karakoram  range        .... 


Total  number  of  great  peaks  in  the  Karakoram  system 


8 


26 


33 


Colonel   Tanner  has  pointed  out  that  the  imposing  appearance  of  a  peak  depends 
not  on  absolute  height  but  on  the  amount  of  its  slope  exposed  to  view,  and  he  gave 
the  following    table  of  peaks  which  he  had    observed,  to    show  the  superiority  in 
appearance  of  Nanga  Parbat. 
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Table  XX, 


Name  of  peak. 


Mount  Everest 


Makalu  . 


Makalu  . 


Nanga  Parbat 


TiiichMii 


Rakaposhi 


Emohinjimga. 


As  seen  from 


Mount  Everest   .     . 


Pumea,  Bengal 


Sandakphn  on  Singalila  ridge 


Pumea,  Bengal 


Sandakphn 


From  the  right  bank  of  the  Indus 


On  the  road  from  GUgit  to  Chitral  . 


Chaprot 


Darjeeling 


Dietanoe. 


Miles. 


118 


79 


40 


40 


40 


4G 


Height  of 

slope 

exposed 

to  view. 


Feet. 


8000    ! 


90  12000 


120    ,        8000 


9000    ' 


23000 


18000 


18000 


16000 
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7 

THE  GEOLOGY  OF  THE  GREAT  PEAKS. 

In  dealing  with  the  great  peaks  the  geologist  is  at  no  small  disadvantage  as  com* 
pared  with  the  surveyor,  whose  instruments  enable  him  to  work  from  a  distance  and* 
to  fix  with  accuracy  the  position  and  height  of  the  object  of  his  observation.  The 
geologist,  on  the  other  hand,  must  toil  arduously  up  the  mountain  sides,  examining 
at  close  quarters  such  outcrops  of  rocks  as  he  can  find  clear  of  snow,  and,  where  further 
progress  is  barred,  must  depend  for  his  information  on  fallen  fragments,  spUntered 
from  the  cliffs  above  and  brought  down  by  avalanches  and  glaciers  to  form  moraines 
and  talus  heaps.  Thus  the  composition  of  the  highest  peaks  is  rarely  known  in  any 
detail,  but  the  general  character  of  the  rocks  can  be  ascertained,  with  a  fair  approxi- 
mation to  certainty,  from  observation  of  the  material  on  their  flanks,  and  from  a 
distant  view  of  the  weathering  characters  and  apparent  structure  of  the  peaks  them- 
selves :  it  has  thus  been  found  that  almost  all  those  of  25000  feet  or  more  in  height 
are  composed  of  granite,  gneiss,  and  associated  crystalline  rocks. 

Of  the  granite  there  are  at  least  two  varieties,  a  foliated  rock  composed  essen- 
tially  of  quartz,  felspar,  and  biotite  (black  mica),  and  a  younger  non-foliated  form 
containing,  in  addition  to  quartz  and  felspar,  white  mica  (muscovite),  black  tourma- 
line, beryl,  and  various  accessory  minerals.  The  former  variety  was  long  regarded  as  a 
sedimentary  rock  which  had  been  converted  by  heat  and  pressure  into  gneiss,  but  its 
truly  intrusive  nature  was  recognised  by  the  late  Lieutenant-General  C.  A.  McMahon,* 
who  proved  conclusively  that  the  great  central  gneissose  rock  of  the  Himalaya  was 
in  reality  a  granite  crushed  and  foliated  by  pressure.  This  rock  is  frequently  pierced 
by  veins  of  the  second  or  non-foliated  variety,  and  where  these  run  parallel  to  the  folia- 
tion planes,  they  lend  to  the  series  a  deceptive  appearance  of  bedding  and  cause  it, 
when  seen  from  a  distance,  to  be  mistaken  for  a  mass  of  stratified  deposits.  This 
is  a  common  characteristic  of  the  higher  peaks  and  may  be  noticed  in  many  of  the 
granitic  masses  of  the  great  Himalayan  range. 

Although  our  experience  leads  us  to  assume  that  all  the  highest  peaks  are  com- 
posed largely  of  granite,  many  more  observations  must  be  made  before  this  can  be 
positively  asserted  to  be  the  case.  Thus  the  most  important  mass  of  all,  the  Everest 
group,  is  still  a  blank  on  our  geological  maps,  and  so  also  is  Kulha  Kangri  in  Bhutan.. 
Between  these  two,  however,  we  know  that  all  the  most  important  peaks  are  formed 
of  granite.  Thus  Chumalhari  (23930  feet)  is  composed  of  foliated  (gneissose)  granite 
penetrated  by  veins  of  the  non-foliated  variety,  and  flanked  by  the  altered  representa- 
tives of  slates  and  limestones  metamorphosed  by  the  granite  which  has  been  forced  up- 
through  them  from  below.  Further  to  the  west,  the  Ejnchinjunga  group  is  also  formed 
of  granite, t  flanked  by  metamorphic  rocks  certainly  in  part  derived  from  pre-existing 

♦  Records,  Geological  Survey  of  India,  Vol.  XV  (1882),  p.  44,  Vol.  XVI  (1883),  p.  129,  and 

Geological  Magazine,  Deo.  Ill,  Volume  4  (1887),  p.  215. 
t  E.  J.  Garwood  in  D.  W.  Freshfield'a  Round  Kangchenjunga  (1903). 
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sediments  but  re-arranged  and  recrystallised  by  heat  and  pressure  and  converted  into 
various  forms  of  gneiss  and  schist.  Owing  to  the  rigid  exclusion  of  British  travellers 
from  Nepal,  we  know  little  or  nothing  of  the  geological  characters  of  the  highest  moun- 
tain in  the  world,  since  practically  the  whole  country  is  still  unsurveyed.  It  is  prob- 
able, however,  that,  Uke  Kinchin junga,  the  Everest  group  is  composed  chiefly  of  granite 
and  gneiss. 

To  the  west  of  Nepal  we  are  on  surer  ground,  since  both  Kumaun  and  Garhwal 
have  been  geologically  surveyed.  Here  again  the  high  peaks,  such  as  Nanda  Devi, 
the  Kedamath  group,  and  Kamet,"*"  are  all  composed  of  granite  and  gneiss  with  gneiss 
and  schist  on  their  flanks.  The  same  may  be  said  of  most  of  the  high  peaks  of  Kash- 
mir, including  Nanga  Parbat,  Rakaposhi,  and  K2,t  while  granite  is  also  probably  the 
prevailing  rock  on  Muztagh  Ata  and  the  other  high  peaks  of  the  Kashgar  range. 

This  correspondence  between  the  great  elevation  and  the  geological  structure  of 
the  high  peaks  appears  to  be  too  constant  to  be  attributable  to  mere  coincidence,  and 
we  are  forced  to  the  conclusion  that  their  exceptional  height  is  due  to  the  presence  of 
granite.  This  may  be  explained  on  two  separate  grounds,  either  (a)  that  the  superior 
power  of  the  granite  to  resist  the  atmospheric  forces  tending  to  their  degradation  has 
caused  them  to  stand  as  isolated  masses  above  surrounding  areas  of  more  easily 
eroded  rocks,  or  (6)  that  they  are  areas  of  special  elevation. 

If  now  we  examine  the  relationships  of  the  peaks  to  one  another,  we  find  that 
along  certain  definite  Unes  the  intervening  areas  are  also  frequently  composed  of  the 
same  granite  as  the  peaks  themselves,  and  if  we  follow  these  definite  lines  we  further 
find  that  they  constitute  the  axes  of  the   great  mountain   ranges.    Thus  the  great 
eaks   lie  on  more  or  less  continuous  and  elevated   zones  composed  of  granite  and 
crystalline  rocks,  and  since  the  lower  portions  of  the  zones  are  of  the  same  composition  as 
the  peaks  themselves,  it  is  difficult  to  regard  the  latter  merely  as  relics  of  a  once  continu* 
ous  zone  of  uniform  height,  and  it  seems  probable  that  special  elevating    forces  have 
been  at  work  to  raise  certain  parts  of  the  zone  above  the  general  level  of  the  whole ;  when 
once  such  elevation  has  been  brought  about,  the  disparity  between  the  higher  peaks  and 
the  intervening  less  elevated  areas  would  undoubtedly  be  intensified  by  the  destruc- 
tive forces  at  work  ;  the  mantle  of  snow  and  ice,  while  slowly  canying  on  its  own  work 
of  abrasion,  will  serve  as  a  protection  for  the  peaks  against  the  disintegrating  forces  of 
the  atmosphere,  whilst  the  lower  unprotected  areas  will  be  more  rapidly  eroded. 

By  the  assumption  that  the  higher  peaks  are  due  to  special  elevatory  forces,  it  is 
not  intended  to  imply  that  each  peak  is  the  result  of  an  independent  movement,  for  it 
has  already  been  shown  in  a  previous  section  of  this  paper  that  the  peaks  occur  in  well- 
marked  clusters,  any  one  of  which  may  cover  an  area  of  many  hundred  square  miles : 
when,  therefore,  during  the  development  of  the  Himalaya  as  a  mighty  mountain  range 
vast  masses  of  granite  welled  up  from  below,  forcing  their  way  through  and  lifting  up 


*  C.  L.  Grieebach,  Memoirs,  Gedwjical  Survey  of  India,  Vol.  XXUI  (1801). 
'f  U.  Lydekker,  Memoirs,  Qedogical  Survey  of  India.  VoL  XXU  (1883j. 
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the  pre-euBting  lockB  above,  it  is  probable  that  owing  to  dissimilarity  of  -composition 
and  stnictnial  weaknesses  in  certain  portions  of  the  earth's  crost,  movement  was  more 
intense  at  some  points  than  at  others,  and  that  the  granite  was  locally  raised  into  more 
or  less  dome-like  masses  standing  above  the  general  level  of  the  growing  range :  these 
musses  were  sabseqoently  carved  by  the  process  of  erosion  into  clusters  of  peaks. 
Whether  the  devatory  movement  is  still  in  progress  it  is  not  at  present  possible  to  say, 
but  many  phenomena  observable  throughout  the  Himalaya  and  Tibet  lead  us  tn  infer 
that  local  elevation  has  until  quite  recently  been  operative,  and  the  numerous  earthquakes 
still  occurring  with  such  violence  and  frequency  forcibly  remind  us  that  the  Himalaya 
have  by  no  means  reached  a  period  of  even  comparative  rest. 
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PREFACE 


IN  1807  a  Survey  detachment  was  deputed  by  the  Surveyor  General  of  Bengal  to- 
explore  the  source  of  the  Ganges :  this  was  the  first  expedition  to  the  Himalaya 
undertaken  for  purely  geographical  purposes.  A  hundred  years  have  now  elapsed,, 
during  which  geographical  and  geological  information  has  been  steadily  accumulating 
and  we  have  at  length  reached  a  stage  where  there  is  danger  of  losing  our  way  in  a 
maze  of  unclassified  detail :  it  is  therefore  desirable  to  review  our  present  position,  to 
co-ordinate  our  varied  observations  and  to  see  how  far  we  have  progressed  and  what 
directions  appear  favourable  for  future  lines  of  advance. 

The  present  paper  originated  in  a  proposal  submitted  by  the  Survey  of  India  to 
the  Board  of  Scientific  Advice  at  the  meeting  of  the  latter  in  May  1906.  The  pro- 
posal was  as  follows : — "  The  number  of  travellers  in  the  Himalaya  and  Tibet  is 
"  increasing,  and  a  wider  interest  is  being  evinced  by  the  public  in  the  geography  of 
"  these  regions.  It  is  therefore  proposed  to  compile  a  paper  simmiarising  the  geographi- 
"  cal  position  at  the  present  time. ' ' 

Subject  to  the  modification  that  the  scope  of  the  paper  should  be  geological  as 
well  as  geographical,  this  proposal  has  received  the  sanction  of  the  Government  of 
India  and  the  work  has  been  entrusted  to  us  to  carry  out.  On  the  understanding 
that  the  paper  is  intended  primarily  for  the  use  of  the  public,  we  have  endeavoured 
to  avoid  purely  technical  details  and  to  present  our  results  in  a  popular  manner. 

Our  subject  has  fallen  naturally  into  four  parts,  as  follows: — 

Part  I. — The  high  peaks  of  Asia. 
Part  II.— The  principal  mountain  ranges  of  Asia. 
Part  III. — The  rivers  of  the  Himalaya  and  Tibet. 
Part  IV. — The  geology  of  the  Himalaya. 

Though  the  four  parts  are  essentially  interdependent,  each  has  been  made  as  far 
as  possible  complete  in  itself  and  will  be  published  separately.  The  first  three  parts 
are  mainly  geographical,  the  fourth  part  is  wholly  geological :  the  parts  are  subdivided 
into  sections,  and  against  each  section  in  the  table  of  contents  is  given  the  name  of  the 
author  responsible  for  it. 


PREFACE 

The  endeavour  to  render  each  part  complete  must  be  our  apology  for  having 
repeated  ourselves  in  more  places  than  one :  the  relations,  for  instance,  of  a  range  to  a 
river  have  been  discussed  in  Part  II,  when  the  range  was  being  described,  and  have 
been  mentioned  again  in  Part  III  under  the  account  of  the  river. 

As  the  mountains  of  Asia  become  more  accurately  surveyed,  errors  will  doubtless 
be  found  in  what  we  have  written  and  drawn :  it  is  not  possible  yet  to  arrive  at  correct 
generalisations  and  we  have  to  be  content  with  first  approximations  to  truth. 

Maps,  too  large  for  insertion  in  such  a  volume  as  this,  are  required  for  a  study  of 
the  Himalayan  mounta'ms :  the  titles  of  maps  illustrating  the  text  are  given  in  foot- 
notes and  are  procurable  from  the  Map  Issue  Ofiice  of  the  Survey  of  India  in  Calcutta. 
Constable's  hand- atlas  of  India  will  be  found  useful. 

We  are  much  indebted  to  Babus  Shiv  Nath  Saha  and  Ishan  Chandra  Dev,  b.a.,  for 
the  care  with  which  the}''  have  checked  our  figures  and  names,  and  to  Mr,  J.  H.  Nichol 
for  the  trouble  he  has  taken  to  ensure  the  correctness  of  the  charts.  Mr.  Eccles  and 
Major  Lenox  Conyngham  have  been  kind  enough  to  examine  all  proofs,  and  to  give 
us  the  benefit  of  their  advice  and  suggestions.  Mr.  Eccles  has  also  supervised  the 
drawing  and  printing  of  the  charts,  and  we  have  profited  greatly  by  the  interest  he  has 
shown  in  them. 

S.    G.  BURRARD. 

H.  H.  Hayden. 
Mo/rch  1907. 


CONTENTS  OF  PART  II 


Preface 


8.  On  the  origin,  of  mountain  ranges  {H.  S.  Hayden) 


•  • 


9.  Observations  of  the  plumb-line  and  pendulum 

10.  The  Himalaya  as  represented  upon  maps 

11.  The  Hodgsonian  controversy 

12.  The  high  plateaux  of  Asia 

13.  The  principal  mountain  ranges  of  Asia 

14.  The  ranges  of  the  Himalaya 

15.  The  ranges  of  Southern  Tibet 

16.  The  Karakoram  and  the  Hindu  Kush 

17.  The  ranges  of  Northern  Tibet  and  Turkistan 

18.  The  ranges  of  the  interior  of  Tibet 

19.  The  limit  of  perpetual  snow 


1 


• . 


•  • 


L  (S.  G.  Burrard) 


•  . 


•  . 


•  • 


.  . 


Page 

1 

47 

51 

67 

60 

64 

71 

75 

91 

97 
103 
109 
116 


Charts 
'Chart 
Chart 
Chart 
Chart 
Chart 
Chart 
Chart 
Chart 
Chart 
Chart 
Chart 
Chart 
•Chart 
•Chart 
Oharts 


CHAETS  OP  PART  II. 

I  to  VIII  are  included  in  Part  I. 

IX. — ^Parallelism  between  the  borders  of  Peninsular  India  and  the  Himalaya' 
X. — The  Kumaun  Himalaya. 

XI. — ^Further  representations  of  the  Kumaun  Himalaja. 
XII. — ^Brian  Hodgson's  theory. 
XIII. — Longitudinal  section  of  the  Great  Himalaya. 
XIV. — Cross  sections  of  the  Himalaya. 
XV. — Cross  sections  of  the  Himalaya. 
XVI. — ^Bifurcations  of  the  Great  Himalaya  range. 
XVII. — ^The  terminations  of  the  Great  Himalaya  range. 
XVIII. — Conjunction  of  ranges  at  the  source  of  the  Ravi. 
XIX. — Lessons  from  the  Siwalik  range. 

XX. — Longitudinal  section  of  the  Hindu  Kush  and  Karakoram. 
XXI. — Conjunctions  of  ranges. 
XXII. — ^Routes  of  explorers  in  Tibet. 
XXIII  to  XXXVII  are  included  in  Part  III. 


INDEX. 


See  Part  III. 


THE  PRINCIPAL  MOUNTAIN  RANGES  OF  ASIA. 


8 


ON  THE  ORIGIN  OF  MOUNTAIN  RANGES. 


nnHE  surface   of  Central  Asia  appears  to  consist  of  two  primary  elevations  of  the 

J-  crust,    separated     by  a    trough-like    depression;     the 

hJ^^l^^'JI^'^^J^  southern  elevation  is  the  plateau  of  Tibet,    the    northern 

is  the  Tian  Shan  chain,  the  intervening  depression  is 
the  Tarim  basin  (see  frontispiece,  Part  I).  A  second  trough  is  to  be  seen  south 
of  the  Tibet  plateau,  separating  that  plateau  from  the  ancient  Vindhya  mountains ;  it 
is  now  fOled  with  alluvium  and  constitutes  the  plains  of  Northern  India, 

These  two  wide  elevations  of  the  crust  and  their  complementary  depressions  form 
the  basis  of  the  mountains  of  Asia. 

Until  a  comparatively  recent  date  in  the  geological  time-scale — the  middle  ter- 
tiary epoch — all  the  northern  part  of  what  is  now  the  Himalaya,  and  probably  the 
whole  of  Tibet  were  covered  by  a  great  sea,*  in  which  deposition  of  sediment  had  con- 
tinued for  a  vast  period.  At  length,  owing  to  forces,  the  origin  of  which  we  can  at  pre- 
sent only  conjecture,  a  period  of  crust-movement  set  in  and  the  floor  of  the  Tibetan 
sea  began  gradually  to  rise  and  to  be  thrown  into  a  series  of  long  parallel  wave- 
like folds. 

As  the  crests  of  the  earth- waves  rose  from  the  waters  of  the  sea,  they  were  eroded 
by  rain  and  weather,  and  the  rising  land  became  broken  and  irregular  :  drainage 
basins  were  carved  out  of  its  flanks  and  a  river  system,  composed  of  "  transverse  " 
valleys,  was  gradually  developed.  As  elevation  continued,  the  troughs  of  the  folds 
emerged  and  a  series  of  "  longitudinal "  valleys  was  established  at  right  angles  to 
the  transverse  valleys  and  parallel  to  the  longitudinal  axes  of  the  folds.  From 
a  combination  of  the  concurrent  processes  of  elevation  and  erosion,  the  existing  moun- 
tain systems  of  the  Himalaya  and  Tibet  have  been  slowly  evolved.  As  denudation 
has  proceeded,  deeper  and  deeper  parts  of  the  crust  have  been  laid  bare,  but  the  forms 
of  many  folds  can  stiU  be  traced  and  the  trends  of  their  longitudinal  axes  followed 
for  long  distances.  The  folds,  although  analogous  to  waves,  more  nearly  resemble  the 
breakers  on  a  beach  than  the  swell  of  the  open  sea ;  the  form  of  their  surface  is  rarely 
that  of  a  simple  arch  and  trough ;  fold  has  been  superimposed  on  fold,  arches  have 
been  overturned  until  they  are  almost  horizontal,  and  whole  areas  have  been  so  distorted 
and  crumpled,  that  the  details  of  structure  can  only  be  unravelled  with  diflaculty. 
Where  the  stress  has  exceeded  the  breaking-strain  of  rock,  the  structure  has  been  com- 

*  This  old  sea  of  a  previous  geological  age  once  covered  much  of  Europe  as  well  as  Central  Asia  and  has  been  named  by 
B  the  »*  Tethys,"  Natvral  Science,  Vol.  JI  (1893),  p.  183. 
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plicated  by  fracture ;  parts  of  the  crust  have  in  some  cases  subsided,  and  in  others  been 
moved  horizontally.  Nor  are  these  the  only  causes  of  complexity,  for  along  many  of 
the  planes  of  weakness  and  fracture  molten  material  has  been  forced  up  from  below, 
and  has  partly  absorbed  the  original  sediments. 

Though  the  origin  and    nature  of  the   forces  which   produced    the   Himalayan 

mountain  system  are  not  subjects  which  fall  within  the 
The  focces  that  raised  the  moun      gcopc  of  this  paper,  it  may  not  be  out  of  placc  to  allude 

briefly  to  the  more  important  theories  that  have  been  put 
forward  to  explain  the  cause  of  folding. 

The  great  series  of  parallel  plications  in  Asia  are  supposed  to  have  been  caused 
by  a  horizontal  thrust  from  the  north :  the  sediments  of  the  Eurasian  sea  were 
forced  against  the  northern  coast  of  the  once  continuous  Indo- African  continental 
mass  which  stood  like  a  buttress  in  the  path  of  the  advancing  earth- waves.  The 
following    hypotheses  among  others  have  been  advanced  to  account  for  the  origin 

of  such  a  thrust : — 

(a)  Contraction  of  the  earth. 

(6)  Disturbance  of  isostasy. 

(c)  Change  in  the  rate  of  the  earth's  rotation. 

(a)  Gontrddion  of  the  earth.  — This  hypothesis  is  based  on  the  assumption  that  the 
earth  as  a  whole  is  contracting  in  vplume,  owing  to  loss  of  heat  or  other  causes,  and  that 
the  rate  of  contraction  of  the  inner  nucleus  is  greater  than  that  of  the  crust ;  the  latter 
is  thus  left  unsupported  and  becomes  wrinkled,  when  adapting  itself  to  its  reduced  core. 
Although  this  theory  has  met  with  wide  acceptance,  it  has  been  adversely  criticised  by 
many  authorities  chiefly  on  the  ground  of  the  inadequacy  of  any  known  cause — ^whether 
it  be  gravitation  or  loss  of  heat — to  produce  contraction  on  a  sufficiently  large 
scale  to  account  for  the  observed  folding.* 

The  extent  to  which  the  surface  of  the  earth  has  been  contracted  by  folding  appears 
to  be  considerable ;  it  has,  for  instance,  been  calculated  that  the  folds  of  the  Alps 
represent  a  contraction  of  74  miles,  and  it  has  been  roughly  estimated,  that  the  ori- 
ginal surface  of  Asia  has  been  shortened  by  wrinkling  between  Siberia  and  India  by 
at  least  100  miles,  and  by  possibly  as  much  as  400.t  Estimates  of  the  contraction  of 
the  surface  of  the  earth  from  the  observation  of  folds  are,  however,  of  doubtful  value. 
Even  in  areas  of  which  the  structure  is  known  in  greatest  detail,  the  problem  cannot 
be  solved  by  simple  measurements,  for  folds  of  strata  have,  in  certain  cases,  been  found 
to  indicate  stretching  rather  than  contraction,  and  it  is  impossible  to  tell  how  far  the 
one  effect  has  balanced  the  other. :{; 

(6)  Disturbcmce  of  isostasy.— ThiB  hypothesis  was  put  forward  by  Captain  C.  E. 
Dutton  in  the  year  1889.§    The  term  '^  isostasy  "  may  be  most  suitably  explained  in 

*  Vide  Bav.  O.  Fisher's  Physics  of  the  Earth's  Crust. 

I  t  In  the  Sub-HifflaUya  01  S.  Biliddlemifls  found  a  contraction  of  8  mileb  m  19.  Memoirs,  Geological  Sttrvey  of  India, 

VoL  XXIV,  Part  2,  p.  77. 

I  In  the  Henry  Mts.,  G.  K.  Qilbert  found  that  a  bed  of  sandstone  had  been  stretched  by  2U)0  feet  in  a  distance  of  three 
miles.    Bepon  pn  the  Oeology  of  the  Henry  MU„  U.  8,  Dzpartment  of  the  Interior,  2nd  Edition  (1880)»  p.  76. 

{  B^.  Pha.  Soe.,  Washington,  Vol  XI  (1892),  pp.  61-64. 
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Button's  own  woids  :  *^  If  the  earth  were  composed  of  homogeneous  matter  its  normal 
'*  figure  of  equilibrium  without  strain  would  be  a  true  spheroid  of  revolution ;  but  if  hetero- 
geneouSy  if  some  parts  were  denser  or  lighter  than  others,  its  normal  figure  would 
no  longer  be  spheroidal.  Where  the  lighter  matter  was  accumulated  there  would 
**  be  a  tendency  to  bulge,  and  where  the  denser  matter  existed  there  would  be  a  tendency 
**  to  flatten  or  depress  the  surface.  For  this  condition  of  equilibrium  of  figure,  to  which 
"gravitation  tends  to  reduce  a  planetary  body,  irrespective  of  whether  it  be  homo* 
"  geneous  or  not,  I  propose  the  name  isostasy.  We  may  also  use  the  corresponding 
*'  adjective  isostatic.  An  isostatic  earth,  composed  of  homogeneous  matter  and  without 
"  rotation,  would  be  truly  spherical.  But  if  the  earth  be  not  homogeneous,  if  some 
"  portions  near  the  surface  be  lighter  than  others,  then  the  isostatic  figure  is  no  longer 
"  a  sphere  or  spheroid  of  revolution,  but  a  deformed  figure  bulged  where  the  matter  is 
"  light  and  depressed  where  it  is  heavy." 

The  presence  in  mountain  ranges  of  masses  of  shallow -water  deposits,  having 
a  vertical  thickness  of  many  thousand  feet,  without  break  of  continuity,  proves  that 
during  vast  periods  of  time  deposition  of  sediment  took  place  in  seas  of  which  the  depth 
remained  constant ;  this  could  only  occur  if  the  sea-floor  continued  to  sink  pari  passu 
with  the  deposition  of  sediment.  Observations  have  also  shown  that  the  adjacent  land 
surfaces,  from  which  the  sedimentary  material  was  being  taken,  were  gradually  rising 
and  Captain  Button  was  led  to  conclude  *  that  "  these  subsidences  of  accumulated 
''  deposits  and  these  progressive  upward  movements  of  eroded  mountain  platforms 
"  are,  in  the  main,  results  of  gravitation  restoring  the  isostasy,  which  has  been  disturbed 
*'  by  denudation  on  the  one  hand  and  by  sedimentation  on  the  other  "  ;  that  is  to  say, 
the  eroded  portion  becomes  lighter  and  rises  while  the  loaded  area  becomes  heavier 
and  sinks,  isostatic  equilibrium  of  the  crust  of  the  earth  being  analogous  to  hydro- 
static  equilibrium  in  a  fluid.  A  cause  has  thus  been  suggested  for  the  sinking  of  the 
sea-floo^  on  the  one  hand  and  the  rising  of  the  land  on  the  other ;  but  in  order  to 
explain  the  folding  of  the  deposits  laid  down,  it  is  necessary  to  take  a  step  further  and 
assume,  as  Button  has  done,  that  as  sediment  accumulates,  the  lower  layers,  owing  to 
the  pressure  of  the  overlying  material,  acquire  a  certain  amount  of  plasticity,  and  that 
there  is  produced  "  a  true  viscous  flow  of  the  loaded  littoral  inward  upon  the  unloaded 
"  continent";  such  a  process  might  tend  to  form  long  parallel  plications  following  the 
trend  of  the  coast-line.  The  theory  of  isostasy  however  does  not  account  for  the  rise 
of  the  sea-floor  and  its  conversion  into  a  continental  mass ;  in  fact,  as  enunciated  by 
Button,  it  tends  rather  in  the  opposite  direction,  and  its  author  expressly  stated  that 
"  the  theor>'  of  isostasy  offers  no  explanation  of  these  permanent  changes  of  level." 

So  far  as  the  Himalaya  are  concerned  there  are  grounds  for  believing  that  isostasy 
is  operative  and  has  been  an  important  factor  in  mountain-building  at  least  during 
the  later  stages  of  growth  of  the  SiwaUk  range,t  but  the  hypothedis  in  its  present  form 

•  Op.  Cit.,  p.  56. 

t  Rev.  O.  Fisher :  PhyMCt  of  the  Earth's  Crust  (1889),  and 

C  S   MiddlemiM  :  Memoirs,  O&dogietd  Survey  of  India,  Vol.  XXIV.  Part  2    (1889). 
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undoubtedly  seems  inadequate  to  account  for  the  uplift  of  the  northern  ranges  and 
of  the  Tibet  plateau. 

(c)  Change  in  the  rate  of  the  earth* s  rotation. — The  rate  of  the  earth's  rotation 
was  formerly  greater  than  it  is  now  and,  as  the  figure  of  a  rotating  body  depends  on 
its  rate  of  rotation,  any  change  in  the  latter  will  be  accompanied  by  a  change  in  the 
former.  Eetardation  of  the  rate  of  rotation  produces  a  more  perfect  sphericity,  and 
tends  to  reduce  both  the  excess  of  matter  at  the  equator  as  well  as  the  deficiency  at 
the  poles.  The  strains  thus  set  up  might  produce  a  wrinkling  of  the  crust,  but  can 
hardly  be  held  to  account  for  the  general  plication  of  the  surface  of  the  earth. 

Other  theories  have  been  propounded  to  explain  the  origin  of  mountain  ranges, 
but  all  are  open  to  objections.  Theories,  that  attribute  surface-folds  to  changes  in  the 
position  of  the  earth's  axis,  cannot  be  given  any  weight,  for  although  such  changes 
are  known  to  take  place,  they  have  so  far  been  found  to  be  very  small.*  The  theory 
ascribing  the  elevation  of  the  sea-floor  to  the  expansion,  which  it  undergoes  from  heat 
when  it  becomes  buried  under  layers  of  sediment,  has  been  fully  discussed  and  dis- 
carded by  Middlemiss.f 


*  Prof.     Albrocht:  ABtron.  Nach,  No.  3619,  abstracted  in  Nature,  Vol.  58    (1898),  p.  42. 
t  C.  S.  Middlemiss :  Memoirs,  Geological  Survey  of  India,  Vol  XXIV,  Part  2    (1890). 
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OBSERVATIONS    OF  THE    PLUMB-LINE    AND    PENDULUM. 


Observations  of  height  cannot  be  trusted  to  show  the  original  axial  alignment  of 
a  mountain  range.  In  the  case  of  a  recent  range  like  the  Siwalik,  the  highest  peaks  do 
perhaps  overlie  the  axis  of  elevation,  but  in  the  course  of  years  rain  and  rivers  dis- 
figure the  original  form  to  such  an  extent,  that  when  ranges  are  old,  their  highest  points 
afEord  no  clue  as  to  the  original  configuration.  Geologists  have  often  found  from 
examinations  of  the  lie  of  rocks,  that  a  row  of  peaks,  which  appears  to  trigonometrical 
observers  to  be  a  range,  marks  the  Une  of  a  former  valley,  and  that  the  original  hills 
on  either  side  have  all  been  washed  away. 

Just  as  geological  studies  of  rocks  have  upset  conclusions  derived  from  surface 
measurements,  so  have  observations  of  the  plumb-Une  and  pendulum  shown  that  the 
structure  of  mountains  is  more  complex  and  deep-rooted  than  investigations  of  surface 
rocks  would  lead  us  to  suppose. 

A  plumb-line,  as  is  explained  in  Part  I,  is  a  string  hanging  under  the  influence 
of  gravity.  A  cord  stretched  by  a  hanging  weight  is  forced  to  assume  a  vertical  position 
by  the  attraction  of  the  earth  upon  the  weight,  but  if  a  mountain  is  situated  on  one 
side,  and  a  flat  plain  or  deep  sea  on  the  other,  the  plumb-line  does  not  coincide  with  the 
normal  to  the  spheroidal  surface  of  the  earth  but  is  deflected  towards  the  excess  of  mass. 
If  the  crust  of  the  earth  were  homogeneous,  and  if  no  mountains  nor  hollows  existed 
at  the  surface,  the  plumb-line  would  everjrwhere  coincide  with  the  normal.* 

The  earth  is  so  large  compared  with  mountains,  that  attractions  exercised  by  the 
latter  have  but  slight  influence  upon  hanging  weights,  and  deflections  of  the  plumb- 
line  are  always  small.  Nevertheless  deflections  do  exist,  and  by  studying  them 
we  are  able  to  calculate  the  excesses  and  deficiencies  of  mass  hidden  in  the  crust. 

In  many  places  in  Southern  India  the  plumb-line  undoubtedly  coincides  with 
the  normal,  but  deflections  of  3''  and  4^^  are  also  common.  Near  Bangalore  a  deflection 
of  the  plumb-line  of  1"  towards  the  south  has  been  discovered ;  at  Deesa  one  of  8^ 
towards  the  north,  and  at  Bombay  one  of  10''  towards  the  north.  At  none  of  these 
places  are  there  mountains  sufficiently  high  or  near  to  cause  so  large  deflections  of 
gravity,  and  the  sources  of  disturbance  must  be  subterranean. f 

Between  1830  and  1840,  when  the  trigonometrical  survey  was  first  extending  its 
operations  across  the  plains  of  Northern  India,  Sir  George  Everest  found  that  the 
attraction  of  the  Himalaya  mountains  was  not  appreciable,  even  when  they  were  actually 
in  view.     Everest's  station  of  Kaliana  near  Muzaffarnagar  is  40  miles  from  the  outer 


*  For  definitions  of  the  words  normal  and  vertical  see  Part  I,  footnote  to  page  24. 

t  DeOections  of  the  plumb-line  are  determined  from  astronomical  observations,  and  are  relative  to  some  assumed  datum. 
The  values  given  in  this  paper  are  taken  from  The  irOensify  and  direction  of  the  force  of  gravity  in  Iridia,  Philosophicai 
Transactions  of  the  Boyal  Society,  Series  A,  Vol.  206  (1905). 
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hilltf  and  120  miles  from  the  line  of  great  peaks,  and  at  this  point  the  plumb-line  ia 
only  deflected  7^  towards  the  Himalaya. 

In  1852  Archdeacon  Pratt  of  Calcutta  calculated  what  the  effect  of  Himalayan 
attraction  should  be  at  EaUana  according  to  the  laws  of  gravitation,  and  he  found 
that  the  plumb-line  there  ought  to  be  deflected  27''  towards  the  north.  Seeing  how  large 
a  deflection  was  indicated  from  theory,  and  how  small  the  actual  deflection  proved  to 
be,  Pratt  devised  his  famous  hypothesis  of  "  mountain  compensation*'.  He  explained 
the  difference  between  the  theoretical  and  the  actual  deflection  by  assuming  the  moun- 
tains to  be  *^  compensated".  In  all  parts  of  the  earth's  crust,  he  said,  the  amount  of 
matter  is  the  same.  **In  the  land  portions  of  the  earth's  surface,"  to  quote  his 
own  words,  **  there  is  a  deficiency  of  matter  below  the  sea-level  approximately 
"  equal  to  the  amount  of  matter  above  it  :  below  ocean  beds  there  is  an  excess  of 
**  matter  approximately  equal  to  the  deficiency  of  matter  in  the  ocean  as  compared 
*'with  rocks."  Pratt's  theory,  like  the  modem  theory  of  isostasy,  assumed  that 
mountains  were  being  supported  not  by  the  rigidity  of  the  crust  but  by  the  buoyancy 
of  light  matter  floating  in  a  denser  medium. 

As  the  operations  of  the  trigonometrical  survey  have  come  to  be  extended  to  the 
foot  of  the  Himalaya,  it  has  become  increasingly  evident,  that  these  mountains  are  not 
compensated — at  any  rate  not  completely — ^by  underlying  deficiencies  of  density.  At 
the  foot  of  the  hills  north  of  Kaliana  great  deflections  of  the  plumb-line  have  been 
observed — at  Nojli  IS'',  at  DehraDun  37^  at  Rajpur  47'^:  at  Siliguri  in  Bengal  the 
deflection  is  23'^.  Throughout  the  ovJt/er  Himalaya  themselves  large  deflections  prevail, — 
at  Kurseong  bV^  at  Tonglu  42^^,  at  Birond  44^^,  at  Mussooree  37^^.  These  deflections 
all  go  to  show  that  the  Himalaya  mountains  must  be  exercising  a  more  powerful 
attraction  than  the  observations  at  Kaliana  and  other  similarly  situated  places  had  led 
Pratt  to  believe. 

The  problem  that  confronted  Pratt  was, — Why  do  the  Himalaya  exercise  no  aUrac- 
tion  at  Kaliana  ?  The  problem  that  has  confronted  his  successors  has  been, — How  can 
the  Himalaya  exercise  a  powerful  attraction  at  Dehra  Dun^  and  yet  catise  hut  a  sm^xU 
deflection  at  Kaliana^  only  55  miles  south  of  Dehra  Dun  ? 

If  the  attraction  of  the  Himalaya  is  capable  of  producing  a  deflection  of  37'^  at 
Dehra  Dun,  it  will  produce  a  deflection  of  IS''  at  Kaliana,  and  one  of  1'5''  at  Cape 
Comorin,  the  southernmost  point  of  India.*  The  attraction  of  a  great  mountain 
mass  must  decrease  with  distance  in  accordance  with  the  laws  of  gravitation,  and 
cannot  die  suddenly  away. 

It  was  suggested  by  General  Walker  that  the  deficiencies  of  matter  underlying 
the  Himalaya  were  situated  so  many  miles  below  the  surface,  that  their  effect  on  a  plumb- 
line  at  Dehra  Dun  was  small  and  at  Kaliana  great — ^that  their  presence  compensated 
the  visible  Himalaya  when  observed  from  the  distance  of  Kaliana,  but  not  when  observed 
from  a  near  station  like  Dehra  Dun.  But  this  hypothesis  did  not  satisfy  mathematical 
tests ;  the  actual  effects   of   compensating   deficiencies   were   calculated   for   a   great 


*  MofMy  NotieeSt  Royal  Aatronomieal  Society,  January  1902. 
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many  assumed  depths,  and  no  depth  could  be  found,  at^hicli  the  deficiency  would  be 
compensating  for  Ealiana  and  not  for  Dehra  Dun*"^ 

The  explanation  of  the  observed  phenomena,  that  is  now  accepted,  is  that  an  in- 
visible chain  of  excessive  density,  parallel  with  the  Himalaya,  is  underlying  the  plains 
of  northern  India :  this  buried  chain  is  150  miles  distant  from  the  foot  of  the  mountains ; 
at  stations  like  Kaliana  the  southerly  attraction  of  this  chain  is  counteracting 
the  northerly  attraction  of  the  Himalaya;  at  Dehra  Dun,  where  the  Himalaya 
are  near  and  the  buried  chain  is  distant,  the  effect  of  the  latter  is  not  very  apparent, 
but  as  we  move  southwards,  the  attraction  of  the  visible  mountains  to  the  north  de- 
creases, and  that  of  the  invisible  mass  to  the  south  increases.  The  suddenness  with 
which  deflections  of  the  plumb-line  decrease  as  we  rececTe  from  the  Himalaya 
is  due  to  the  presence  of  a  southern  and  subterranean  source  of  opposite  attraction. 

In  1903  pendulum  observations  were  commenced  in    India  in  order  to  test  the 

correctness    of     the    conclusions    that  had  been  drawn 

Observatio.is  of  the  Pendulum.  ^  ^^  ..  p    ii_  i        i_  i-        ^      rm  i        i    i* 

from  observations  of  the  plumb-line.y    The  plumb-line 

shows  the  direction  in  which  gravity  is    acting,  the    pendulum  shows  the  strength 

with  which  it  pulls.    Deflections  of  the  plumb-hne  are  due  to  the  horizontal  attractions 

t)f  surrounding  masses :  observed  differences  in   the  strength  of   gravity  are  due  to 

variations  in  the  vertical  attraction  of  underlying  masses. 

When  a  pendulum  is  being  observed,   the  time  in  which  it  makes  one  vibration 

has  to  be  measured  :   if  this  time  is  shorter  than  the  normal  time,  gravity  is  strong  in 

that  locality  ;  if  the  time  is  longer  than  the  normal  time,   it  is  a  proof  that  gravity 

is  weak.   If  the  force  of  gravity    is  found  to  possess  exceptional  strength,  there  must 

"exist  an    excess  of  matter  in  the  crust   underneath  the  pendulum  station :  and  if 

gravity  is  exceptionally  weak  there  must  be  subterranean  deficiencies  of  density.     Thus 

the  pendulum  indicates  to  what   extent  the  local  crust  differs  from  the  normal  crust 

in  density. 

The  following  tables  show  the  results  obtained  from  pendulum  observations  during 

the  last  three  yearsj : — 

Table  XXI — Stations  in  the  Himalaya. 


Pendulum  station. 


Invisible 

Height  of 

deficiency  of 

Resultant 

station = 

ruck  as 

excess  of 

visible  excees 

revealed 

rook  in 

of  rock. 

by  the 
pendulum. 

the  crust. 

Kurseong 

Darjeeliiig 

Sandakphu 

Hufisooree  (Gamers  Back) . 

Mufisooree  (Dunseverick)  . 

Simla   .    •    •    . 


Feet. 

—3700 
—4070 
—4180 
—3100 
—3270 
—3380 


Feet. 

'+ 1216 

+  2896 

+  7686 

+  3824 

-3861      i 

-»3663      1 

1 

•  MonUdy  Notices,  Boytd  Astranomieai  Society,  January  1902,  page  183»  and    Surrey  of  Iridia*  Professional  paper 
J7o,  5. 1901. 

t  PhUosophieal  Transactions  of  ikt  Royal  Society^  Series  A,  VoL  206  (1906). 

%  See  Major  Lenox  Gbnyngham's  reports  on  the  pendulnm  operations  in  India,  1903  to  19061. 
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It  will  be  noticed  in  the-  third  column  that  a  deficiency  of  rock,  averaging  3600 
feet,  underlies  each  of  the  Himalayan  stations.  The  compensation  is,  however, 
not  complete,  and  the  last  colunm  shows  the  heights  at  which  the  stations  would  be 
situated,  if  the  crust  were  everywhere  of  the  same  density. 

Table  XXII — Stations  near  the  foot  of  the  Himalaya. 


Pendulum  station. 


Height  of 

station  = 

visible  excess 

of  rock. 


Invisible 

deficiency  of 

rock  as 

revealed 

by  the 

pendulum. 


Resultant 
deficiency 
of  rock  in 
the  crust. 


The  hidden  deficiencies  underlying  these  four  submontane  stations  average  about 
3600  feet;  the  last  column  shows,  that  in  every  case  the  subterranean  deficiency 
more  than  compensates  the  excess  above  sea-level,  and  that  on  a  homogeneous 
crust  the  whole  submontane  region  would  be  situated  below  sea -level. 


Table  XXIII — Stations  between  20  and  30  miles  from  the  Himalaya. 


Pendulum  station. 


Height  of 

station  = 

visible  excess 

of  rock. 


Invisible 

deficiency  of 

rock  as 

revealed 

by  the 

pendulum. 


Resultant 

deficiency 

of  rock  in 

the  crust. 


Jalpaiguri 
Ludhiana 


Feet. 

268 
833 


Feet. 

—2700 
—1306 


Feet. 

—2432 
—  473 


Jalpaiguri  of  table  xxiii  is  in  the  plains  of  Bengal,  and  25  miles  from  Siliguri 
of  table  XXII :  the  underlying  deficiency  of  matter  has  decreased  by  1140  feet  in 
those  25  miles. 

Ludhiana  of  table  xxiii  is  in  the  plains  of  the  Punjab  and  is  more  distant  from 
the  Himalaya  than  Pathankot  or  Kalka  of  table  xxii  by  25  miles :  the  deficiency 
under  Ludhiana  is  1080  feet  less  than  under  Kalka,  and  3749  feet  less  than  under 
Pathankot. 
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Tablb  XXIV — Stations  between  80  and  120  miles  from  the  Himalaja. 


Pendulum  station. 


Invisible 

Height  of 

excess  of 

Resultant 

station= 

rook  as 

excess  of 

visible  ezoees 

revealed 

rook  in 

of  rock. 

hy  the 

the  crust. 

pendulum. 

Feet. 

Feet. 

Feet. 

113 

+  1000 

+  1113 

708 

f   170 

+  878 

647 

-f  227 

+  874 

Elisnapiir 
Mian  Mir 
Feiozepore 


Kisnapur  is  in  Bengal,  Mian  Mir  and  Ferozepore  in  the  Punjab.  Below  these 
stations  the  crust  is  of  excessive  density.  If  the  crust  were  made  homogeneous,  the 
stations  of  table  xxrv  would  all  stand  higher  above  sea-level  than  they  do  at 
present. 

The  pendulum  has  therefore  corroborated  the  conclusions  which  were  drawn 
from  observations  of  the  plumb-line.  In  Northern  India  there  are  three  variations 
in  the  crust,  where  the  eye-observer  notices  but  two  forms  of  surface.  The  eye- 
observer  sees  a  hiUy  region  on  the  north  and  flat  plains  to  the  south :  the  pendulum 
observer  finds  three  parallel  zones — ^the  zone  of  mountains  on  the  north,  the  zone  of 
deficiency  in  the  centre,  the  zone  of  excess  to  the  south. 

From  determinations  of  horizontal  attractions  the  observer  of  the  plumb-line 
was  led  to  the  conclusion  that  a  great  chain  of  density  lay  buried  underneath  the  plains 
of  northern  India,  and  now  the  pendulum  observer  has  arrived  at  the  same  result 
from  an  investigation  of  vertical  attractions. 

If  when  observing  near  the  foot  of  the  Himalaya,  we  rely  upon  our  eyes  or  upon 
our  levels,  we  become  aware  of  mountains  on  the  one  side  of  us  but  none  on  the 
other :  but  if  we  disregard  the  evidence  of  eye  and  of  level,  and  believe  our  pendulums 
and  plumb-lines,  we  are  led  to  imagine  that  we  are  standing  between  tVH>  mountain 
ranges,  one  of  which  visible  to  the  north  rises  abruptly  out  of  the  plains,  whilst  the 
other  invisible  to  the  south  slowly  gains  in  elevation  for  one  or  two  hundreds  of 
miles. 

It  is  not  possible  to  explain  how  these  variations  of  density  in  the  crust  have 
come  about  or  to  what  they  are  due :  the  parallelism  to  the  Himalaya  of  the  buried  chain 
of  density  seems  to  indicate  unity  of  origin,  but  whether  the  zones  of  excess  and 
deficiency  are  caused  by  the  weight  of  the  Himalaya  and  of  Tibet  pressing  vertically 
upon  the  yielding  crust  of  the  earth,  or  whether  by  the  horizontal  thrust  of  the  Hima- 
layan arches  against  a  subterranean  abutment,  we  cannot  venture  an  opinion.  It 
may  be  that  the  Himalaya  mountains  are  more  due  to  the  buried  chain,  than  the 
chain  is  to  the  Himalaya,  and  it  may  be  that  both  mountains  and  chain  have  been^ 
caused  by  one  and  the  same  movement  in  the  crust. 
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In  reports  on  geodetic  work  it  is  customary  to  call  the  outer  shell  of  the  earth  the 
crust,  and  in  the  descriptions  given  above  we  have  repeatedly  referred  to  the  crust ; 
but  we  possess  no  evidence  that  a  crust  exists  sharply  separated  from  an  interior  core. 
It  would  indeed  be  more  reasonable  to  assume  that  the  so-called  crust  and  core  merge 
imperceptibly  into  one  another.  If,  however,  the  crust  of  the  earth  does  differ  in 
density  from  the  core,  and  if  the  transition  from  the  one  to  the  other  is  sudden  and 
not  gradual,  the  hidden  excesses  and  deficiencies  of  mass  revealed  by  the  plumb-line 
and  pendulum  may  be  due  to  variations  in  the  depth,  at  which  the  surface  of  the 
heavy  core  lies  below  the  surface  of  the  light  crust ;  the  core  may  be  approaching 
nearer  to  the  surface  of  the  earth  in  some  places  than  in  others. 

Our  observations  are  at  present  insufficient  to  admit  of  the  depth  of  the  hidden 
variations  of  mass  being  determined,  but  there  are  reasons  for  believing  that  the 
excesses  and  deficiencies,  which  have  been  discovered,  are  between  20  and  70  miles 
deep. 
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THE  HIMALAYA  AS  REPRESENTED  UPON  MAPS. 
There  is  no  portion  of  the  earth's  snrface  so  difl&cnlt  to  represent    upon  maps: 

Methods  of  hiii.dmding.  *®  *^^  ^^^  mountains  of  Asia,     The  complexity  of  their 

configuration  tries  the  skill  of  the  most  experienced 
surveyors ;  and  the  immensity  of  their  area  obliges  draftsmen  to  keep  a  reserve  of 
power  in  hand,  lest  they  should  reach  the  utmost  possibilities  of  hill-shading 
before  they  have  depicted  the  regions  of  boldest  relief. 

In  all  discussions  upon  the  drawing  of  mountains  the  fundamental  fact  to  be 
recognised  is  that  draftsmen  have  at  their  disposal  an  inadequate  means  of  representa- 
tion. Hill-shading  by  strokes  of  a  pen  is  a  feeble  method  of  indicating  great  variations 
of  slope  and  height,  and  the  artistic  reforms  that  have  been  introduced  at  intervals 
are  evidence  of  the  dissatisfaction  of  map-makers. 

Three  different  systems  of  shading  by  pen  strokes  have  been  devised  for  the  repre- 
sentation of  mountains  on  paper,  but  no  one  of  them  can  be  held  to  be  adequate.  Under 
the  first  an  appearance  of  relief  was  given  to  a  map  by  making  eastern  and  southern  slopes 
dark,  western  and  northern  light.  Under  the  second  the  strongest  darks  were  used 
for  emphasising  the  greatest  altitudes  and  the  conmianding  points.  Under  the  third 
depth  of  shade  was  made  proportional  to  steepness  of  slope.  In  many  maps  the 
first  and  second  systems  have  been  combined,  in  many  others  the  second  and  third, 
and  in  some  few  there  are  traces  of  all  three  to  be  found. 

In  the  General  Report  of  the  Survey  of  India  for  1904-05,  the  Surveyor  General, 
Colonel  Longe,  writes :  **  I  believe  that  no  system  has  yet  been  evolved  by  any  country 
"which  deals  satisfactorily  from  a  systematic  and  artistic  point  of  view  with  this 
"  question.  If  any  light  can  be  thrown  on  this  question  by  any  student  of  the  subject 
"  his  conclusions  would  be  most  gratefully  welcomed." 

If  we  examine  large  scale  maps  of  the  Himalaya  we  become  bewildered  by  the 
,,  ^  ,    ,         ,.    .  ramifications  of  ridges   and   spurs,  and  we  fail  to  discover 

Methods  of  generalisation.  . 

any  evidence    of    structural    law  underlying  the  chaos. 

If  we  turn  to  small  scale  maps,  we  find  that  the  mountains  have  been   generalised 

and  are   now   represented   in  a  simple  form.     But  these  generalisations  have  been 

carried  out  by  draftsmen,   who   were   unaware   of  the  scientific  problems  involved, 

and  they  are  nothing  more  than  conventions. 

A  draftsman  can  no  more  draw  mountains  without  a  knowledge  of  their  structure 

than  a  landscape  artist  can  draw  a  village  scene  without  perspective,  or  than  a  figure 

painter  can  draw  men  and  animals  without  studying  their  anatomy.     If  we  attempt 

to  cover  many  square  yards  of  paper  with  hill-shading,  without  having  a  knowledge 

of  the  governing  lines  of  structure,  we  only  succeed   in  presenting  a  chaotic  mass  of 

incoherent  details. 
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Eiiskin  says  that  it  is  always  wrong  to  draw  what  we  do  not  see.  No  one  will 
oppose  Buskin's  maxim,  but  the  difficulty  in  mountains  is  to  see,  and  long  experience 
is  necessary  to  give  the  power  of  doing  so.  The  untrained  eye  will  see  details 
readily  enough,  but  it  will  miss  the  governing  lines.  In  small  scale  representations 
we  require  the  governing  lines,  not  the  details.* 

In  many  cases  the  surveys  incorporated  in  maps  have  necessarily  been  executed 
by  eye-sketching  from  great  distances  and  the  mountain  features  have  been  roughly 
delineated.  But  even  when  large  scale  maps  do  show  the  hills  with  accuracy  the 
general  effect  is  apt  to  be  iminteresting  and  monotonous,  and  the  draftsman,  who  has 
to  construct  from  them  maps  on  a  smaller  scale,  is  utterly  at  a  loss  to  know  what 
to  retain  and  what  to  omit. 

Those  who  realise  the  difficulties  attending  generalisation  in  any  branch  of  science 
will  sympathise  with  the  draftsman  who  has  to  discover  the  governing  lines  of  a  moun- 
tain mass.  A  surveyor  can  map  the  visible  ridges  and  rivers,  but  he  can  never  obtain 
a  bird's-eye  view  of  the  whole,  and  in  his  generalisation  he  is  apt  to  attach  an  exag- 
gerated importance  to  the  rivers. 

On  almost  all  maps  the  water-partings  are  made  the  most  conspicuous  ranges: 
Undue  mph^nM  it  giTen  to  water-  draftsmen  see  two  Streams  and  create  a  ridge  between 
P*'^^  them :  we  thus  have  ridges  running  in  all  directions,  the 

more  important  the  water-parting  the  darker  the  ridge.  This  system  has  rendered  small 
scale  maps  useless  for  scientific  investigation.  There  will  be  no  progress  in  Himalayan 
mapping,  until  the  water-parting  ridges  are  subordinated  to  the  ranges  of  original 
elevation.  The  lines  of  water-parting,  though  emphasised  on  maps,  have  rarely  any 
structural  importance,  and  have  but  little  interest  for  the  geographer  or  geologist. 
What,  for  example,  can  be  more  misleading  than  to  show  Mount  Everest  rising  from  a 
flouthem  spur  of  a  Tibetan  range,  because  the  latter  happens  to  be  a  water-parting  7 
Yet  this  was  done  in   the  map  illustrating  the  Imperial  Gazetteer  of  India.f 

On  a  map  a  river  is  a  sharp  line,  that  admits  of  no  modification ;  a  range  is  indefi* 
nite,  and  can  be  squeezed  at  will.  On  all  maps  the  draftsmen  begin  by  drawing  as 
many  rivers  as  the  scale  allows,  and  they  adjust  the  hills  afterwards  to  the  rivers. 

In  nature  the  mountains  determine  the  directions  of  rivers :  in  maps  the  rivers 
determine  the  directions  of  mountains. 

The  principal  Himalayan  rivers  tend  to  flow  down  perpendicular  to  the  great 
range :  this  important  fact  could  hardly  be  illustrated  on  a  large  scale  map,  the  details 
of  which  would  be  too  intricate ;  but  it  should  be  clearly  visible  on  small  scales.  When, 
however,  in  practice  a  map  comes  to  be  reduced  from  a  large  to  smaller  scales,  the 


♦  The  following  is  extracted  from  a  memorandum  on  the  Snrvey  of  Kashmir  by  Sir  Henry  Thuillier,  Surveyor  General 
of  India,  who  was  an  expert  draftsman  :  "  The  difficulty  of  sketchinjg  ground  of  such  a  character  may  be  imagined.  To 
do  so  with  any  degi^ee  of  uUthfulness  requires  a  peculiar  talent  and  is  a  gift  as  much  as  copying  the  human  face.  Stevenson, 
the  civil  engineer,  in  his  evidence  before  parliament  on  the  Ordnance  Survey  of  England  stated  his  belief,  that  thpre  were 
not  above  eight  persons  in  England  who  understood  how  to  pourtray  ground.  If  difficult  therefore  in  England,  it  must  bo 
still  more  so,  where  the  relative  commands  are  so  immense."— JottrncJ,  Anaiie  Society  of  Bengal,  Vol.  XXIX^  18«0, 

t  Dated  1881.-- 
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great  rivers  become  nearer  together  on  the  paper,  and  less  space  is  left  for  the 
hill-shading  between  them ;  in  the  course  of  reduction,  though  numerous  ridges  have 
to  be  eliminated,  the  great  parallel  rivers  are  retained  as  though  they  were  the 
governing  lines  of  the  topography.  Finally  on  the  smallest  scale  the  draftsman  fills  up 
the  space  between  two  rivers  with  a  long  ridge  running  parallel  to  them. 

Chart  X  illustrates  our  meaning :   here  we  have  a  portion  of  the  Himalaya  as  re- 
Representations   of   the  Kumaun    presented  on  the  1  inch = 32  miles  map  of  India,  and  the 

^^  representation     has     been    obtained    by  generalisation 

from  maps  on  a  larger  scale.*  Three  rivers,  the  Sutlej,  the  Bhagirathi,  and  the  Alak- 
nanda,  rise  behind  the  great  Himalayan  range  and  cut  across  it.  These  rivers  have 
I>een  allowed  to  determine  the  form  of  the  hill-shading  on  the  map,  whereM  in  nature 
it  was  the  great  range  that  gave  to  the  rivers  their  falls  and  determined  their  directions. 

In  the  first  drawing  on  chart  xi  the  same  area  is  shown  as  represented  on  the 
1  inch=64  miles  map  of  India ;  the  influence  of  the  three  rivers  upon  the  hill-shading 
is  very  marked.  In  the  second  drawing  on  chart  xi  an  endeavour  has  been  made  to 
show  how  the  hills  should  be  shaded :  the  ranges  have  not  been  drawn  following  the 
rivers,  but  at  right  angles  to  them :  the  long  spurs  between  the  rivers  have  been 
eliminated,  and  the  parallelism  and  continuity  of  the  ranges  have  been  emphasised. 

Until  the  Himalaya  have  been  surveyed  by  geologists,  we  shall  be  limited  to  draw- 
ing conclusions  from  the  forms  of  the  surface.  In  studying  surface  features  we  must 
admit  as  evidence  only  actual  measurements  of  height  and  position ;  the  artistic  con- 
ventions entered  upon  maps  must  be  excluded  from  consideration.  In  the  drawing 
of  maps  on  small  scales  each  range  must  be  traced  by  its  peaks,  not  by  its  rivers. 

If  we  plot  on  a  chart  all  the  highest  points  of  a  region,  we  find  that  they  align  them- 
selves in  narrow  zones.  This  is  how  the  frontispiece  of  Part  I  was  prepared.  The 
points  of  maximum  altitude  were  plotted,  and  lines  drawn  through  them,  the  higher 
the  points  the  thicker  the  lines  were  made.  Until  geologists  prove  our  assumptions 
to  be  wrong,  the  lines  of  this  frontispiece  will  be  taken  to  represent  the  axes  of 
ranges. 

*  Kmnaiin  and  British  Garhwal  Survey,  Scale  1  inch^l  mile. 
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THE    HODGSONIAN   CONTROVERSY, 

In  1849  Brian  Hodgson,  the  celebrated  naturalist,  who  was  then  the  political  residents 

in  Nepal,  advanced  a  theory,  which  has  had  great  influenoe^ 
upon  map-makers,  and  which  is  illustrated  in  chart  xn. 
The  great  Himalayan  peaks,  he  maintained,  did  not  stand  on  a  range  of  mountains,  but 
on  spurs  projecting  from  the  Tibetan  range  behind.  Mr.  Hodgson  devised  his  theory 
to  account  for  two  phenomena,  viz.^  (i)  that  the  great  peaks  are  not  standing  on  a  main 
water-parting  between  India  and  Tibet,  (ii)  that  the  Himalayan  rivers  tend  to  converge 
inside  the  hills  instead  of  flowing  at  right  angles  to  the  high  mountains  in  a  great  number 
of  parallel  courses. 

**  We  are  led  irresistibly  to  enquire,*'  wrote  Mr.  Hodgson,*  ** why  the  numerous 
'Marge  feeders  of  the  rivers,  instead  of  urging  their  impetuous  way  from  the  snows  to 
the  plains  by  independent  courses,  are  brought  together  upon  or  near  the  verge  of  the 
plains :  how  unity  is  effected  among  them  despite  the  interminable  maze  of  ridges  they 
traverse,  and  despite  the  straight  downward  impulse  given  them  at  their  sources. 
"  I  answer,  it  is  because  of  the  superior  elevation  of  the  lateral  barriers  of  these  river- 
"  basins,  between  which  there  are  synclinal  slopes  of  such  decided  preponderance,  that 
'*  they  overrule  the  eflPect  of  all  other  inequalities  of  surface,  how  vast  soever  the  latter 
*'may  sometimes  be.'* 

*  *  It  will  be  seen  by  the  map  ^chart  xn)  that  these  lateral  barriers  of  the  river-basins 
"  are  crowned  by  the  pre-eminent  Himalayan  peaks,  that  the  peaks  themselves  have  a 
'*  forward  position  in  respect  to  the  ghat  line  or  great  longitudinal  watershed  between 
"  Tibet  and  India,  and  that  from  these  stupendous  peaks,  ridges  are  sent  forth 
"southwards  proportionally  immense." 

Mr.   Hodgson's  views  were  supported  by    Sir  Joseph   Hooker.     **The  snowy 
mountains  seen  from  the  southward,"   wrote  the  latter,t  "  are  not  on  the  axis  of  a 
mountain  chain,    and  do   not     even    indicate    its    position,   but   they  are  lofty 
*' meridional  spurs  projecting  southwards." 

*^  I  have  always  said,"  again  wrote  Sir  Joseph  Hooker,  '*  that  the  Sikkim  Hima- 
**  lay  a  (I  mean  the  snowed  mountains)  do  not  form  a  continuous  snowed  chain  running 
"^^  east  and  west,  but  that  they  are  meridional  ridges  running  north  and  south,  separated 
*•■  by  waters  that  flow  southerly  between  them. "J 

Mr.  Hodgson's  arguments  can  be  answered  as  follows : — ^the  great  Himalayan  peaks 
are  not  connected  by  spurs  with  the  Tibetan  range,  but  are  separated  from  it  by  troughs ; 


•  Journal,  Asiatic  Society  of  Bengal,  Vol.  XVIII,  1849. 

\  Himalayan  Journals,  Vol.   II,  ]>age  298. 

X  Journal,   Boyal  Oeographical  Society,  Vol.    XX,  1851. 
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the  great  peaks  are  not  limited  to  the  ridges  between  rivei-bafiins  as  drawn  by  Mr.  Hodgson, 
but  stand  in  a  long  line  which  intersects  the  basins ;  the  Himalayan  rivers  have  not 
been  forced  to  converge  by  lofty  lateral  spurs,  but  by  the  recent  upheavals  of  the  outer 
parallel  ranges,  which  have  barred  the  paths  of  rivers  and  forced  them  to  oombine 
within  the  hills. 

Mr.  Hodgson  made  the  mistake  of    assuming  that  the  main  line  of  water-parting 

Undue  importance  attributed  to    between    India    and   Tibet   must  be  the  main  range;  in 

water-partiogs.  p^^  jjj  ^j  ^^  paper  it  wiU    be   shown  that  no  single 

range  forms  this  water-parting  and  that  in  parts  of  Tibet  the  latter  even  crosses  fiat  plains. 

The  great  Himalayan  range  has  been  cut  through  in  places  by  rivers  rising  behind 
it ;  the  rivers  were  regarded  by  Hodgson  as  the  fundamental  features  of  the  topography 
and  the  isolated  blocks,  into  which  they  had  cut  the  great  range,  were  incorrectly 
assumed  to  be  spurs  of  the  range  behind. 

P^  The  highest  peaks  of  the  Himalaya  stand  not  on  spurs  but  in  the  crest-zone  of  a 
great  range  ;  this  is  the  primary  fact  of  structure.  The  range  resembles  a  crocodile's 
back ;  it  is  a  wide  flat  arch,  with  relatively  slight  prominences,  called  peaks,  and  it  has  no 
sharply  edged  crest-Une.  The  highest  peaks  all  fall  within  a  narrow  zone  running 
throughout  the  length  of  the  crocodile.  Glaciers  have  cut  back  between  the  peaks,  and 
created  a  serpentine  water-parting  line  along  the  zone.  Many  of  the  great  peaks  stand 
actually  on  the  water-parting  and  many  stand  off  it  on  either  side :  but  whether  they  are 
-on  the  water-parting  Une  or  not,  they  are  all  situated  in  the  crest-zone  of  the  range. 

The  great  Himalayan  range  is  not  the  water-parting  between  India  and  Tibet  : 
streams  that  flow  down  the  northern  slopes  of  Mount  Everest  eventually  find  a  passage 
through  a  gorge  in  the  range,  and  join  the  streams  that  have  their  sources  on  the 
southern  slopes:  though  this  fact  prevents  the  great  range  from  being  a  continental 
water-parting,  it  does  not  prevent  it  from  being  a  regional  water-parting. 

The  range  which  stands  behind  the  great  Himalaya,  and  which  was  regarded  by 
Hodgson  as  the  Indo-Tibet  water-parting,  is  only  a  regional  water-parting :  it  separates 
the  streams  which  fiow  into  the  Ganges  of  Bengal  from  those  which  fiow  into  the  Brah- 
maputra of  Tibet.  But  the  Brahmaputra  and  Ganges  eventually  unite  in  India,  and 
the  water-parting  between  their  upper  feeders  is  no  more  entitled  to  be  called  the  water- 
parting  between  India  and  Tibet  than  the  great  Himalayan  range  is. 

A  range  is  a  wrinkle  of  the  Earth's  crust,  a  water-parting  is  a  line  carved  by 
rivers,  and  though  the  two  coincide  during  the  youth  of  mountains,  they  begin  to 
separate  when  rivers  cut  the  mountains  to  pieces. 

Sir  Clements  Markham  wrote :  *  'A  range  of  mountains  is  a  ridge  of  elevated  land 
"  running  in  one  general  direction,  and  the  fact  of  its  being  cut  through  by  one  or  more 
^* rivers  does  not  alter  its  character  and  convert  it  into  a  series  of  spurs/'* 


•  Clements  R.  Markham  on  the  Himalayan  System  in  the  Oeographical  Magazine,  Volume  IV,  1877. 
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Longitudinal  troughs  separate  the  Himalayan  and  Tibetan  ranges ;  and  the  great 

Hodgson  gencraUsed  from  an  acep-    peaks  of  Everest,  Makalu,  Gk)sainthan  and  Dhaulagiri 

tionai  case.  ^^^  ^^^  Connected  by  cross-ridges  with  the  range  behind 

them;  but  Kinchinjunga  is.  ELinchinjunga  stands  at  a  point  where  the  Himalayan 
range  assumes  an  exceptional  form,  and  Eonchinjunga  being  near  to  Darjeeling  is 
the  peak  that  Mr.  Hodgson  knew  best, — ^perhaps  the  only  great  peak  he  had  closely 
observed. 

A  ridge,  well  known  from  the  Himalayan  Jowrnals  of  Hooker  as  the  Singalila 
ridge,  runs  from  Tibet  through  Kinchinjunga  southwards  to  the  plains  of  India,  and 
at  right  angles  to  the  great  range.*  This  ridge  is  an  extraordinary  feature  of  Hima- 
layan topography ;  its  crest  follows  a  straight  line  from  Tibet  to  Bengal ;  the  descent 
from  the  snows  to  the  plains  is  almost  continuous.  In  Southern  Sikkim  this  ridge  is 
a  more  marked  feature  than  any  continuous  snowy  range.  It  is  probable  that 
Bfr.  Hodgson  generalised  from  the  Singalila  ridge  and  from  Eonchinjunga,  and  in  so 
doing  he  generalised  from  exceptions.^ 

Mr.  Hodgson's  theory  of  Himalayan  configuration  still  finds  supporters,  audit  has 
^_    .       ,„  ,      .    ^  been  even  applied  by  subsequent  writers  to  other  ranees 

Extensions  of  Hodgson's  theory.  .  .     . 

than  the  Himalaya.  Almost  all  existing  small  scale 
maps  of  Tibet  continue  to  represent  the  great  peaks  of  the  Himalaya  as  standing  on 
spurs  of  a  hinder  range,  and  it  is  common  to  read  in  geographical  works  that  the 
highest  altitudes  of  the  Karakoram  and  of  the  Hindu  Kush  are  to  be  found  not  on 
main  ranges  but  on  lateral  spurs.  I 

The  Himalaya  have  been  compared  to  the  Alps,  and  it  has  been  said  that  in  neither 
th  th  Ai  region  do  the  highest    peaks  stand  on  the  water-parting 

line.  But  we  doubt  whether  any  such  comparison  is 
possible.  Though  many  of  the  high  peaks  of  the  Alps  may  not  stand  upon  what 
is  called  the  main  chain,  yet  they  are  all  situated  within  the  crest-zone  of  the  range. 


*  See  North-Eastem  Trans-frontier  sheet,  No.  7  N.W.,  Scale  1  inch=4  miles.  It  has  been  argued  that  the  name  Singa- 
lila was  coined  by  Hooker,  and  that  no  such  native  name  exists.  The  name  has,  however,  been  widely  used  by  geographers 
following  Hooker,  and  it  cannot  be  abandoned  now. 

t  The  transverse  ridge  of  Singalila,  separating  the  basins  of  the  Tista  and  Kosi,  is  not  a  solitary  exception,  for  the  Nar  - 
kanda  ridge  separating  the  basins  of  the  Sutlej  and  Junma,  and  the  Chola  ridge,  separating  the  Tista  and  Raidak,  though 
smaller,  are  similar.  Singalila  and  Chola  are  perpendicular  to  the  great  range,  but  Narkanda  is  oblique.  No  such  con- 
tinuous ridge  separates  the  basins  of  the  Ganges  and  Kali,  or  those  of  the  Ganges  and  Jumna  :  the  river- basins  of  the  Punjab 
Himalaya  are  separated  by  oblique  ranges. 

J  The  following  is  an  extract  from  the  narrative  of  the  Survey  of  Kumaun,  vide  Oeneral  Report  of  the  Survey  of  India, 
1877-78  :— 

"  The  features  of  the  Nilang  valley  correspond  with  the  general  physical  geography  of  this  belt  of  the  £[imalaya  a.s 
observed  in  other  valleys  :  the  main  watershed  being  as  a  nile  lower  and  the  slopes  about  it  easier  than  the  southern  and 
more  interrupted  range,  on  which  the  highest  groups  of  snowy  peaks  occur.  The  snowy  range  is,  properly  speaking,  not  a 
continuous  raoge  but  a  series  of  enormous  spurs  which  everywhere  dominate  the  parent  ridge,  the  Indian  watershed." 

The  following  extract  is  taken  from  Among  the  Himalaytis  by  Ck>lonel  L.  A.  Waddell,  C.R,  CLE.,  1900  j^ — 

**  It  was  now  evident  that  the  Everest  range  like  that  of  Kinchinjunga  seemed  off  the  main  axis  of  the  Himalaya  and 
the  margin  of  the  great  Tibetan  plateau,  and  appeared  as  a  spur  and  at  right  angles  to  that  axis." 

The  foliowiag  extract  is  taken  from  the  Sand-buried  ruins  of  Khotan  by  Dr.  M.  A.  Stein,  1904  : — 

"  The  great  peak  was  entirely  separated,"  (from  the  Kuen  Lun),  "  an  interesting  observation  fully  in  accord  with  the 
orography  of  the  Karakoram  and  Hindu  Kush.     There  it  has  long  ago  been  remarked,  thai  the  points  of  greatest  elevatioa  • 
are  not  to  be  found  on  the  actual  watershed  but  on  secondary  spurs  detached  from  it.' ' 


THE  PRINCIPAL  MOUNTAIN  RANGES  OF  ASIA.  6J 

The  case  of  Mount  Everest  is  quite  different:  here  there  are  two  parallel  ranges 
sixty  miles  apart,  separated  by  a  deep  trough;  Mount  Everest  stands  on  the  one, 
whilst  the  water-parting  is  situated  on  the  other.  The  Alpine  peaks  and  the 
Alpine  water-parting  are  at  any  rate  upon  the  same  range,  but  the  Himalayan  peaks 
and  Himalayan  water-parting  are  not. 


M 
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THE   HIGH   PLATEAUX   OF   ASIA. 

The  frontispiece  of  Part  I  illustrates  the  position  and  dimensions  of  the  three  high 
The  horse-shoe  plateaux  of  Asia.     The  plateau  of  Tibet  with  an  average 

height  of  15000  feet  is  joined  at  its  north- western 
comer  to  the  Pamir  plateau,  height  12000  feet,  and  this  again  is  connected  by  moun- 
tains with  the  Tian  Shan  plateau,  height  11000  feet.  The  three  plateaux  together 
assume  roughly  the  shape  of  a  horse-shoe. 

The  want  of  parallelism  between  the  Tian  Shan  and  Tibet  ranges  has  been  supposed 
to  indicate  a  difference  of  origin,  of  age  and  of  elevating  force.  But  no  such  conclusion 
is  justified  from  the  scanty  existing  data,  and  we  must  for  the  present  regard  the  three 
plateaux  as  one  mass.  It  is  not  safe  to  draw  too  positive  conclusions  from  the  direc- 
tions of  ranges,  or  to  assume  that  a  compressing  force  must  have  acted  in  a  direction 
exactly  at  right  angles  to  the  range  it  has  raised ;  the  heterogeneity  of  the  crust  may 
have  had  an  important  influence  in  determining  the  course  of  a  range.  If  a  portion 
of  the  crust,  advancing  under  pressure,  meets  with  hard  resistant  subterranean 
masses,  the  course  of  the  wrinkle  will  be  deflected.  Such  a  mass  underlying  the  Punjab 
seems  to  have  barred  the  southward  advance  of  the  Himalayan  ranges  on  the  west, 
to  have  forced  the  Tibet  ranges  to  converge  and  to  have  caused  the  Karakoram-Hindu 
Kush  range  to  take  the  form  of  a  bow.*  On  the  extreme  west  the  Hindu  Kush  range 
does  assume  a  significant  parallelism  with  the  Tian  Shan. 

Chart  IX  has  been  drawn  to  illustrate  the  extraordinary  parallelism  that  exists 
between  the  southern  border  of  the  Himalaya-Hindu  Kush  system  of  mountains  on 
the  one  side,  and  the  northern  border  of  the  ancient  mass  of  rock  forming  Peninsular 
India  on  the  other.      • 

The  interior  of  the  horse-shoe  formed  by  the  plateaux  is  an  inland  desert  basin 
{vide  chart  xxii)  drained  by  the  Tarim  river  and  its  feeders  ;t  the  sand  of  this 
basin  is  annually  accumulating,  and  Sven  Hedin  found  towns  buried  beneath  it. 
The  lowest  part  is  the  lagoon  of  Lob  Nor  (height  2200  feet),  and  though  there  is  no 
mountain  range  closing  it  on  the  east,  its  mouth  here  is  narrow  and  the  desert  of 
Gobi  beyond  has  a  superior  elevation  of  nearly  2000  feet.  On  the  north  and  west 
and  south  it  is  bounded  by  decomposing  mountains,  and  no  other  portion  of  the 
earth  has  so  gloomy  a  future.  Unless  geological  changes  ensue,  the  sand  will  continue 
to  accumulate,  imtil  the  lagoon  of  Lob  Nor  and  the  rivers  of  Tarim  are  choked. 

We  believe  that  the  plateaux  of  Asia  have  been  elevated  by  a  horizontal  pressure 
in  the  crust,  and  that  this  has  continued  to  act  in  a  meridional  direction  through  long 
periods  down  to  the  present  time.     The  wrinkling  of  the  crust  has  taken  many  forms. 


*  The  pendulum  observations  have  revealed  the _presence  of  a  mass  of  great  density  underlying  the  plains  of  the  Punjab, 
t  Boy  al  Geographical  Society's  map  in  Uoldich's  Tibet  the  MyMierious, 
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Firstly,  there  are  the  great  plateaux  themselves;  secondly,  the  surfaces  of  the 
plateaux  have  been  wrinkled  into  ranges  ;  and  thirdly,  the  surfaces  of  the  ranges  have 
been  corrugated  into  smaller  folds. 

The  ranges  are  composed  of  consolidated  rock,  but  the  flat  portions  of  the  plateaux, — 

the  only  portions  in  fact  which  can  be  described  as  table^ 
The  flat  portions  of  the  plateaux.       lands,* —  are  troughs  between  ranges,  which  have  now 

become  filled  up  with  loose  debris  and  boulders,  gravel, 
sand  and  mud  washed  down  from  the  mountains  and  arranged  in  level  layers  by  water* 
Ranges  vary  in  breadth,  in  places  bulging  towards  one  another,  in  places  receding 
from  one  another,  and  the  intervening  troughs  and  flat  plains  become  alternately 
narrower  and  wider. 

"  The  immense  extent  of  the  existing  alluvium,"  wrote  Henry  Strachey,!  "  and 
**  the  imiformity  of  its  maximum  elevation  lead  me  to  infer  that  it  must  have  been 
"deposited  under  a  general  sea  covering  the  whole  country,  and  not  by  lakes,  much 
"less by  rivers." 

Henry  Strachey  thought  that  the  alluvium  had  been  deposited  at  the  bottom 
of  an  ocean  and  afterwards  upheaved  to  its  present  height  without  the  horizontaUty 
of  its  layers  being  disturbed. 

From  fossil  bones  found  at  a  height  of  17000  feet  in  Tibet,  Colonel  Godwin- Austen 
drew  the  conclusion  that  in  recent  times  the  climate  which  is  now  arctic  must  have 
been  sufficiently  warm  to  enable  the  rhinoceros  and  other  tropical  animals  to  live. 
"  The  only  rational  solution,"  he  wrote,  "  which  science  could  suggest,  was  that 
'"  within  a  comparatively  modem  period,  closely  trenching  upon  the  time  when  man 
"  made  his  appearance  upon  the  face  of  the  earth,  the  Himalaya  has  been  thrown  up 
"  by  an  increment  approaching  8000  or  10000  feet." 

It  is  possible  that  the  action  of  wind  has  helped  to  fill  up  the  high-level  basins 
of  the  plateaux  with  loess :  this  was  the  suggestion  of  Baron  Von  Richthofen.  Those 
of  us  who  have  lived  in  the  plains  of  northern  India  can  testify  to  the  enormous 
amoimt  of  dust  carried  annually  by  wind  into  the  mountains.  The  finer  particles  of 
dust  are  lifted  to  very  high  altitudes  and  are  probably  transported  for  hundreds  of 
miles. 

Wind  may  also  help  to  distribute  the  dust  that  arises  from  the  decomposing  rocks 
of  the  plateaux  themselves.  These  rocks  are  exposed  by  day  to  great  heat  from  the 
direct  rays  of  the  sun,  and  by  night  to  arctic  temperatures  ;  and  their  surfaces  rapidly 
disintegrate  under  the  influence  of  these  changes. 

The  presence  of  boulders  and  gravel  proves  that  the  alluvium  cannot  be  wholly 
attributed  to  the  action  of  wind,  and  Sir  Martin  Conway  thinks  that  mud  avalanches 
have  filled  up  the  valleys.  "  Mud  avalanches,  I  maintain,  have  done  all  this  work 
"of  filling  up  the  valleys,  and  done  it  too  with  great  rapidity. "J 

*  Valleys  filled  to  a  high  level  with  debris  are  however  not  strictly  speaking  ''  table-lands.'^ 
t  Joumalf  Royal  Otographical  Soeitiy,  Volume  XXIII,  1863. 

t  Exploration  in  the  Mubiagh  Mountains,  by  W.  M.  Conway  la  the  Oiographical  Journal,  Vol.  II,  1893. 
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The  Tibet  plateau. 

The  mountainous  area  of  Tibet  extends  from  the  foot  of  the  Siwalik  range  on 
the  south  to  the  foot  of  the  Kuen  Lun  range  on  the  north :  the  alluvial  deposits  have 
been  washed  by  rivers  out  of  the  greater  number  of  troughs  south  of  the  Ladak  range 
and  north  of  the  Kuen  Lim  range,  and  the  principal  Tibetan  table-lands  lie  between 
these  two  ranges  (see  frontispiece  to  Part  I).  There  are  however  rock  basins  on  the 
Indian  side  of  the  Ladak  range  that  are  still  filled  with  alluvium,  of  which  the 
plains  of  Nari  Khorsam  and  the  valleys  of  Kashmir,  Nepal  and  Dingri  and  the  several 
''duns ",  enclosed  by  the  Siwalik  range,  are  the  principal.  The  extensive  plateau 
of  Tsaidam  lies  north  of  the  Kuen  Lun.* 

From  west  to  east  the  Tibet  plateau  extends  from  the  Karakoram  mountains 
to  the  Kansu  and  Ssuchuan  provinces  of  China.  Southern  Tibet  consists  of  troughs 
drained  by  the  rivers  of  India, — the  Sutlej,  the  Brahmaputra,  the  Arun  and  others. 
Western  Tibet  has  been  compressed  between  north  and  south,  and  its  central 
range,  the  Karakoram,  is  the  highest.  Northern,  north-eastern  and  central  Tibet 
form  a  table-land  which  contains  vast  numbers  of  lakes.  South-eastern  Tibet  is  a 
rugged  mountainous  country,  and  not  a  table-land :  its  elevated  mass  has  been  cut 
up  by  the  rivers  of  China  and  Burma  and  is  intersected  by  deep  ravines.  Tibet  is 
wooded  in  its  south-eastern  portion  only. 

On  all  sides  of  the  Tibet  plateau  rivers  are  cutting  back  into  it  by  head  erosion 
-and  the  high  level  alluvial  plains  are  only  found  intact  in  those  portions  which  have 
not  as  yet  been  reached  by  feeders  of  the  oceans.  On  the  north  and  south  and  west 
the  great  rivers  are  confined  to  a  few  thoroughly  drained  troughs,  and  they  can  only 
expand  their  drainage  areas  now,  if  their  upper  feeders  succeed  in  cutting  back  through 
the  ranges  of  solid  rock  bounding  the  troughs.  But  on  the  east  the  rivers  of  China 
rise  in  the  wide  troughs  of  central  Tibet  and  have  before  them  the  comparatively 
easy  task  of  cutting  back  westwards  into  the  soft  alluvium,  and  of  capturing  for  their 
basins  long  zones  of  the  undrained  portions  of  the  plateau. 

The  portions  of  Tibet  drained  by  the  Brahmaputra,  the  Sutlej,    the  Indus  and 

the  Yarkand  rivers  are  fairly  well-known,  and  chart  xxii 

The  unexplored  portions  of  Tibet  ■,  .1.  1  1  lii  ^    ,  -i^ 

snows  that  explorers  have  crossed  the  plateau  m  all 
directions.  Nevertheless  large  areas  are  still  terrce  incognitcB.  Sven  Hedin  has 
given  us  maps  of  northern  Tibet,  Prejevalsky  of  north-eastern,  and  Deasy  of  north- 
western ;  but  we  do  not  as  yet  know  the  positions  and  heights  of  the  ranges  and 
lakes  in  the  centre  of  the  plateau,  nor  the  westernmost  limits  of  the  drainage  basins 
of  the  Yangtze,  Mekong  and  Salween  (frontispiece  to  Part  I). 

The  narratives  of  explorers  have  led  us  to  beheve  that  the  interior  of  Tibet  con- 
sists of  alternate  ranges  and  troughs  running  east  and  west,  the  troughs  being  partly 
filled  up  ^dth  alluvium,  and  containing  long  series  of  lakes. 


*  Royal  Greographical  Sooiety's  map  published  in  Holdioh's  Tibet  the  Mysterious. 
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In  western  Tibet  the  lakes  are  mostly  diy,  and  flat  plains  occupy  the  spaces 
-^    ,  .     ,    _, ^.^  ^  between    the    mountains.      Of    these  lofty    plains    the 

The  plains  of  western  Tibet  ^  *'      '^ 

following  are  the  best  known: — 

Area  in  Height  in 

sqimre  miles.  feet. 

NariKhorsam 800  15000 

LingaThang 1000  17000 

AksaiChin 1200  16500 

Dapsang 500  17500 

DeoBai 600  12500 

These  plains  hold  no  water  now ;  Nari  Khorsam  has  long  been  dry,  and  having  be- 
come part  of  the  basin  of  the  Sutlej  is  now  intersected  by  the  deep  canyon  of  that  river.* 
The  plains  of  Tsaidam  consist  of  salt- wastes  and  swamps,  and  form  the  surface  of 

the  great  high-level    area,    which  projects  from  north- 

The  plains  of  Tsaid&in.  nyt  ■%  -i       m     •         i       •        p  !_ 

eastern  Tibet,  and  separates  the  Tanm  basin  from  the 
desert  of  Gobi  (frontispiece  to  Part  I).  They  are  situated  north  of  the  Kuen  Lun 
range  and  are  consequently  not  always  regarded  as  part  of  the  Tibet  plateau  itself. 
They  however  belong  to  the  Tibet  mountain  system,  and  their  exclusion  from  the 
plateau  is  a  mere  question  of  definition. 

According  to  Prejevalsky  their  surface  is  1700  feet  lower  than  the  level  of  the 
water  in  Koko  Nor  (height  10700  feet),  the  principal  lake  of  north-eastern  Tibet. 
The  mean  height  of  Tsaidam  is  consequently  about  6000  feet  less  than  that  of  Tibet. 

Prejevalsky  described  the  Tsaidam  country  as  a  salt  marsh  covered  with  high 
reeds.  Its  morasses,  he  said,  were  so  thickly  impregnated  with  salt  as  to  be  encrusted 
with  a  layer  in  some  places  half  an  inch  to  an  inch  in  thickness.  The  plains  of  Tsaidam, 
he  thought,  were  in  recent  geological  times  the  bed  of  a  large  lake.f 

Sven  Hedin  writes  that  the  streams  of  Tsaidam  die  away  in  the  sand  and  that 
the  central  parts  of  the  basin  are  occupied  by  extensive  marshes.J 

The  mountains  of  China  are  the  eastern  terminations  of  the  Tibet  plateau,  and 

belong  to  the  same  system  of  ranges  as  the  Himalaya, 
the  Kuen  Lun,  and  the  Karakoram.  The  provinces  of 
China,  that  embrace  the  mountainous  area,  are  Kansu  on  the  north  and  Ssuchuan  on 
the  south.  Kansu  is  in  the  basin  of  the  Hoang  Ho,  Ssuchuan  in  that  oi  the  Yangtze, 
the  water-parting  between  the  two  being  of  great  altitude.  The  aridity  of  Tibet  gives 
place  in  Kansu  and  Ssuchuan  to  a  damp  climate,  and  Prejevalsky  found  that  a  great 
increase   of  moisture  occurs  in  north-east  Tibet  immediately  oast  of  Koko  Nor.§ 

*  Nari  Khorsam  was  described  in  Henry  Strachey's  paper — Journal,  Royal  Oeographtcal  Society,  Volume  XXIII,  1853  : 
also  in  Memoira,  Oeologieal  Survey  of  India,  Volume  XXIII,  1891. 

t  N.  Prejevalsky  :  Mongolia,  Volume  11,  1876. 

%  Sven  Hedin  :  Through  Asia, 

§  The  word  Nor  means  Lake  ;  if  then  we  speak  of  '  Lake  Koko  Nor  *  either  the  word  Lake  or  the  word  Nor  is  redundant, 
for  both  have  the  same  meaning.  On  the  other  hand  the  description '  Lake  Koko  *  would  not  suffice,  and '  Koko  Nor '  would 
be  defective  in  a  popular  account.  We  are  therefore  of  opinion  that  at  the  present  st-ase  of  Tibetan  Greography  it  is  desirable 
to  accept  the  form  '  Lake  Koko  Nor.  '  In  the  same  way  we  cannot  avoid  speaking  of  the  *  Lake  of  Sir-i-Kul '  though  Kul 
means  Lake :  the  *  Lake  of  Sir '  would  be  insufficient.  In  England  we  have  the  case  of  Winder-mere  and  Derwent- water 
which  are  frequently  spoken  of  as  Lake  Winder-mere  and  Lake  Derwent- water.  Geograjphical  names,  which  include  both 
a  native  word  and  its  English  equivalent,  such  as  Lake  Koko  Nor  or  Lake  Sir-i-Knl,  should  never  be  used  upon  maps :  in 
cases,  where  the  native  word  for  lake,  or  river  or  pass,  has  come  to  be  an  essential  part  of  the  native  geographical  name,  as 
in  Koko  Nor  and  Sir-i-Kul,  it  is  advisable  in  the  preparation  of  maps  to  adopt  the  native  name  without  any  modification 
or  addition. 
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The  Tian  Shan  plateau.* 

The  Tian  Shan  consists  of  several  ranges  crowning  a  plateau,  with  alluvial  plaina 
in  the  intervening  troughs.  The  main  mass  of  the  plateau  south  of  Issik  Kul  is  150 
miles  wide,  and  11000  feet  high  ;  the  ranges  separating  the  alluvial  basins  rise  to  16000 
feet. 

The  essential  difference  between  the  plateaux  of  Tian  Shan  and  Tibet  is  that  the 
ranges  of  the  former  tend  to  run  in  two  directions  at  right  angles  to  one  another,  whilst 
those  of  the  latter  take  but  one  direction  and  are  generally  parallel.  "  The  twa 
"  main  directions  of  mountains  in  the  Tian  Shan,  "writes  Prince  Kropotkin,"  are  south- 
**  west  to  north-east  (that  is,  parallel  to  the  fringe  of  the  great  plateau  of  East  Asia)  and 
"  south-east  to  north-west  which  direction  is  taken  by  several  ranges  shooting  off  the 
"  Tian  Shan.  The  former  is  the  oldest ;  the  mountains  following  it  have  been  lifted 
"  up  during  the  palaeozoic  period,  while  the  other  line  of  upheavals  was  relatively  mod- 
"  em  and  attained  its  greatest  force  during  the  tertiary   and  post- tertiary  periods,  "f 

The  Pamir  plateau. 

The  Pamir  mass  (see  frontispiece  to  Part  I)  is  enclosed  in  the  rectangle  formed  by  the 
Hindu  Kush,  the  Kashgar  and  Trans  Alai  ranges ;  it  is  the  water-parting  between  two 
inland  systems  of  drainage,  J  one  of  which  ends  in  the  sea  of  Aral,  the  other  in  the 
lagoons  of  Lob  Nor.  Its  elevated  plains,  like  those  of  Tibet  and  Tian  Shan,  consist  of 
horizontal  accumulations  of  gravel  deposited  in  rocky  troughs. 

The  ranges  enclosing  the  alluvial  troughs  of  Tibet  are  parallel  to  one  another,  and 
,  ^^  «    .    ,  ^         those  of  the  Tian  Shan  are  according  to  Kropotkin  mutu- 

The  structure  of  the  Pamir  plateau.  ^  .  . 

ally  perpendicular ;  the  directions  of  the  Pamir  ranges  have 
not  yet  been  determined.  We  do  not  know  how  the  Kashgar  and  Sarikol  ranges  connect 
with  the  Tian  Shan  (see  frontispiece  to  Part  I),  nor  how  the  crustal  folds  of  the  Pamir 
plateau  trend  west  of  the  Sarikol  range.  We  can  form  some  idea  as  to  the  direction 
of  the  force  which  elevated  Tibet  and  the  Tian  Shan  into  wrinkles,  but  the  Pamir 
presents  a  more  difficult  problem,  which  cannot  be  solved  from  existing  data. 

Humboldt's  conception  of  the  Pamir  was  a  great  meridional  range  connecting  the 
Tibetan  and  Tian  Shan  systems,  and  this  view  was  supported  subsequently  by  Hayi^ard : 
but  Sever tsoff  and  Fedchenko  contended  that  the  fundamental  mass  of  the  Pamir  plateau 
was  a  series  of  parallel  ranges  running  from  east  to  west.  From  the  plains  of  Kashgar 
Hay  ward  saw  a  snowy  range  on  the  east  of  the  Pamir  running  north  and  south : 
Fedchenko  argued  that  this  so-called  range  consisted  only  of  the  ends  of  the  parallel 
ranges  which  were  running  east  and  west. 

*  See  The  Central  Tian-Shan  Mountains,  1905,  by  Merzbacher.     An  excellent  account  of  the  Tian  Shan  plateau   was 
given  by  Ellsworth   Huntington  in  the  Oeographical  Journal  for  January  1905. 

t  QeographicalJoumal,  Vol.  XXIII,  1904. 

X  Northern  Trans -frontier  Sheet  No.  2  :  scale  1  inchssg  miles. 
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We  know  now  that  two  ranges,  the  Kashgar  and  the  Sarikol,  separated  by  a  high 
level  trough,  do  trend  not  exactly  meridionally  but  from  north-west  to  south-east,  and 
these  ranges  form  the  eastern  portion  of  the  Pamir  mass. 

The  frontispiece  to  Part  I  shows  these  ranges  to  be  connected  with  the  north-western 
ranges  of  Tibet.  That  the  Kashgar  range  is  a  continuation  of  the  £uen  Lun  is  considered 
certain,  but  the  connection  of  the  Sarikol  range  on  the  chart  with  the  Aghil  is  nothing 
more  than  conjecture.  We  cannot  even  conjecture  how  the  Kashgar  and  Sarikol  ranges 
are  connected  with  the  Tian  Shan. 

As  to  the  structure  of  the  Pamir  mass  west  of  the  Sarikol  range,  there  undoubtedly 
exists  a  series  of  parallel  valleys  running  east  and  west  and  separated  by  mountain  chains. 
But  we  do  not  know  whether  these  east  and-  west  chains  are  real  original  ranges  wrinkled 
at  right  angles  to  the  Sarikol  and  Kashgar  ranges,  or  whether  they  are  long  spurs  of  the 
Sarikol  range  carved  by  water.  If  the  latter  view  is  correct  then  the  whole  Pamir  plateau 
is  a  broad  fold  of  the  crust  sloping  steeply  on  the  east,  gently  on  the  west,  and  running 
north  and  south.  Whatever  may  have  been  the  direction  in  which  the  principal  force  of 
upheaval  acted,  complicated  cross-pressures  from  different  sides  have  probably  contribut- 
ed  to  form  the  elevated  mass  that  is  now  standing  at  the  conjunction  of  the  Tibetan  and 
Tian  Shan  systems. 

The    average   elevation   of   the    Pamir  alluvial    plains  is 

The  configuration  of  the  Pamir      12000   feet,  and   that  of  the  mountains  dividing  them 
P^**^"-  17000  feet. 

Pamir,"  wrote  Stoliczka,  "  is  not  a  plateau  at  all :  it  is  a  congregation  of  chains."* 
We  may  say,"  wrote  Sven  Hedin, "  that  the  Pamir  may  be  grouped  into  two  sharply 
^^  contrasted  divisions,  an  eastern  half  which  is  principally  a  plateau  land  such  as  I  have 
^^  described,  and  a  western  half  consisting  of  latitudinal  mountain  chains  disposed  parallel 
*'  to  each  other.  There  can  be  no  doubt  that  at  one  period  the  entire  region  was  strictly  a 
^*  plateau  and  that  it  is  being  rapidly  broken  down  by  the  agency  of  erosion."! 

"  The  meridional  range,"  wrote  Colonel  Wahab,  '*  forms  the  eastern  boundary  of  the 
*'  Pamir  plateau ;  that  range  and  the  Hindu  Kush  are  the  dominating  features  of  the 
"  region ;  the  trend  of  the  several  ranges  which  are  being  carved  out  of  the  original  plateau 
^*  is  parallel  to  the  Hindu  Kush.  There  is  nothing  on  the  west  that  can  be  called  a 
"  meridional  chain,  though  the  course  of  the  Oxus  is  deflected  in  that  direction  by  a  great 
^*  spur  thrown  out  from  the  Hindu  Kush  north  of  Tirich  Mir. "J 

**  Beyond  the  fact,"  wrote  Lord  Curzon,  "  that  the  general  elevation  of  the  Pamir 
**  valleys  is  from  12000  to  14000  feet,  and  that  they  are  consequently  at  a  higher  level  than 
**  the  surrounding  countries,  there  is  nothing  in  their  superficial  character  in  the  least 
"degree  calculated  to  suggest  a  table-land  or  plateau,  which  I  take  to  mean  a  broad 
"  stretch  of  flat  and  elevated  land,  surrounded,  may  be,  and  even  interspersed,  but  not 
**  positively  broken  up,  with  moimtain  masses.     Nor  can  anything  less  like  a  down  or  a 


« 


♦  Siiess  :  Das  antlitz  der  Erde. 

t  Sven  Hedin:  Through  Asia,  page  185. 

i  Extract  from  a  letter. 
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Mteffpe  be  conoaved  than  tlie  troughs  or  valleys,  of  no  great  width,  shelving  down- 
wacdfl  to  a  iiva-bed  or  lake,  and  uniformly  framed  on  either  hand  by  mountains, 
whose  heads  are  perpetuallT  covered  with  snow,  which  anybody  who  has  been  to  the 
PamiiB  win  at  once  leoognixe  as  a  fair  description  of  those  r^ons.  In  reality,  over 
the  oitire  region  unbraced  by  the  title,  it  has  been  calculated  that  the  plains  or  valleys 
conatitate  less  than  one-tenth  of  the  total  area.  Correctly  described,  a  Pamir  in  theory, 
and  each  Pamir  in  fact,  is  thoefore  neither  a  plain,  nor  a  down,  nor  a  steppe,  nor  a 
plateau,  bat  a  mountain  valley  of  ^cial  formation,  differing  only  from  the  adjacent  or 
other  mountain  valleys  in  its  superior  altitude,  and  in  the  greater  degree  to  which  its 
trou^  has  been    filled  up  by  facial  detritus    and    alluvium,  and  has    thereby 

**  approximated  in  appearance  to  a  plain  owing  to  the  inability  of  the  central  stream  to 

*' scour  for  itself  a  deeper  channel"* 

Lord  Curzon  enumerates  eight  Pamirs  or  alluvial  plains : — 

(i)  The  Taghdumbash  Pamir  Ues  in  the  basin  of  the  Tarim,  and  north-east  of  the 
Eilik  pass ;  it  is  60  miles  long  and  from  one  to  five  miles  broad ;  it  is  drained 
by  the  Tashkurgan,  a  feeder  of  the  Tarkand  river, 
(ii)  The  Wakhan  Pamir  extends  for  20  miles  along  the  northern  bank  of  the  Wak- 

han  affluent  of  the  Oxus, 
(iii)  The  Little  Pamir  encloses  lake  Chakmaktin  and  follows  the  Aksu  affluent  of 
the  Oxus  for  60  miles.    It  is  a  long  grassy  plain  varying  from  one  to  four 
miles  in  breadth, 
(iv)  The  Great  Pamir  encloses  the  lake  of  Sir-i-Kul ;  it  is  80  miles  long  and  varies 

in  width  from  one  to  six  mUes ;  it  is  in  the  basin  of  the  Oxus. 
(v)  The  Alichur  Pamir  lies  north  of  theChreat  Pamir  and  is  in  the  basin  of  the 

Oxus.     It  contains  the  lake  of  Yeshil  Kul. 
(vi)  The  Sarez  Pamir  is  north  of  the  Alichur  Pamir  and  in  the  basin  of  the  Oxus. 
(vii)  The  Rang  Kul  Pamir  containing  the  lake  of  that  name  lies  north-east  of  the 

Sarez  Pamir ;  it  possesses  no  drainage  outlet. 
(viii)  The  Khargosh  Pamir  is  north  of  the  Sarez    Pamir    and   encloses  the  great 
Kara  Kul  lake  ;  it  possesses  no  drainage  outlet. 


•  Oeographieal  Journal,  Vol.  VIII,  1896. 
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The  plateaux  have  been  wrinkled  into  ranges,  and  the  intervening  troughs  have  been 
filled  with  debris  and  their  surfaces  levelled  by  the  action  of  water :  one  of  the  first  tasks 
now  confronting  geographers  and  geologists  is  the  investigation  of  the  ranges, — ^the 
determination  of  their  positions,  heights  and  trends. 

Although  large  portions  of  the  earth's  surface  have  been  surveyed  and  examined^ 
the  origin  of  mountains  is  not  as  yet  understood ;  various  explanations  have  been  olSer- 
ed  but  none  has  been  generally  accepted.  Geologists  and  physicists  and  mathemati- 
cians  differ  in  their  views,  and  the  problems  arising  from  the  wrinkling  of  the  earth's, 
surface  must  still  be  regarded  as  unsolved.  Complete  surveys  of  the  Himalaya  will 
afford  valuable  data,  provided  we  realise  at  the  outset  the  questions  involved.  We 
must  not  confuse  ranges  and  ridges;  ranges,  however  modified  by  denudation,  are 
features  of  original  structure ;  ridges  are  the  results  of  erosion  only.  Ranges,  as  their 
name  denotes,  must  possess  length,  and  an  elevated  ring  or  dome  or  compact  maas- 
could  not  be  called  a  range.  But  though  length  is  an  essential  feature  of  a  true 
rangej  a  long  line  of  mountains  is  not  necessarily  a  range,  for  it  may  have  been  carved 
by  rain  and  rivers  out  of  an  older  and  larger  mass. 

Surveyors  and  geologists  will  have  to  determine  in  the  field  how  the  several  Tibetan, 
ranges  run,  and  whether  they  are  connected  by  cross-ranges  or  not;  they  will  have 
to  discover  to  what  extent  the  form  and  structure  of  the  Himalaya  resemble  those 
of  the  Andes  and  Alps ;  they  will  have  to  enter  upon  the  investigation  with  open  minds,, 
and  endeavour  to  learn,  without  preconception  or  bias,  how  the  Tibetan  and  Himalayan 
ranges  have  been  upraised. 

The  ranges  of  Central  Asia  appear  all  to  belong  to  one  great  system,  and  to  have 
no  separate  existence  apart  from  that  system,  and  no  investigations  are  likely  to  be 
profitable  that  leave  out  of  accoimt  the  relations  of  the  ranges  to  one  another.  "  The 
"physical  unity,"  wrote  Richard  Strachey,  "of  the  great  mass  of  Tibet  with  the 
*' Himalaya  range  seems  to  me  very  strongly  shown  by  the  general  geological 
"  structure."  The  parallelism  of  the  Eailas,  the  Ladak,  the  Great  and  Lesser  Himalaya 
and  the  Siwalik  ranges,  all  of  which  change  direction  together,  is  evidence  of  intern- 
connection. 

The  high  ranges  of  Asia — those  that  are  known  to  us — ^may  be  classified  aa 
follows : — 

/•  Ranges  of  the  first  magnitude,  carrying  many  peaks  cibave  25000  /ee^-* 

( 1)  The  Great  Himalaya  in  Nepal. 

(2)  The  Karakoram. 
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//.  Ranges  of  the  second  magnitude^  carrying  many  peaks  above  22000  feet — 

(1)  The  Great  Himalaya  in  Kumaun. 

(2)  The  Hindu  Kush. 

(3)  The  Kuen  Lun.  SI 

(4)  The  Kashgar  range. 

///.  Ranges  of  iJie  third  magnitude,  carrying  mdriy  peaks  above  I'dMO  feet — 
f  ?5C?  e^nS :  ^:  iM  ^Thft  G?eat  Himalaya  in.  Aspw>«).  r»5!iit;:77;ti:3.J  i>'7/..?  7:j:'-3?+:7Jq  6.*^ 
;.^:^,^;^  V .  ::^  -;  >  (2)  The  Gr^  Himalaya  in  jthe.PwjWbr; ,/  .:j>  -.i^  3:i^<  pa  JjO  ^^i^  bslia 

5  r-—, ?.:;., ^. '?     .-(&)  The  JUidftk  range^; .        ,:,...'..:,•-    :_,,->,-.    ^.:.t,,^^.f^v;^:«e;^  vinfj.ioil^ioa  w-m 

(4)  The  Kailas  range* -i  ;-,»  ••.-...f  :'«;••.)>:[  U';.i'-'iJirU*q  '.I.^lO  )o  roiJ^iiiiniavtc^b 

T,!i.'.  n^:^^  '.V.  («).A?,Ira^  A|ai.^g^,,  ,,,^.j.^,,,  ....^  ,^  i,,^,  ^;  .jr^r^^i^-jmio  nigna  t^i^ 

Z}-  ^v.i,;.  ;:  (»):  TJie Ninxjh^nth^  ,^  b^^Tiigei  ^>d  \ls:^  :izijm  oo^w^ 

c  v;  Zti  :San4eSr0fth§jQurth  magniiude^  C(^ymiJmw  Jimk^y^^s^  bv^nU 

ei«  x.:j..L  ;:tl)  Th^  Sariikci  range*/  ;i  .♦../.<  ;vcVr?  bati  ^rM^m  ^culaoo  ioa  ibnax 
'..i^..-^'?  T.K  ^r/\y>..:^ifi)  .Th^i Alai..a:angfe,  ,j'i.r--.-  -rj  ...t^  ';^-;bS  ;  r* -...if join:':;  kaqj.nc  io  ari^jctivei* 
i :i:::\  c;c  x  r,  / ,  (^)  rSastein  poirtiqnxjf  the  Pir  Paftjaijo^iiig^  o|  t^bft^JbeiMerjI^  3/a;c;o 

/jrij  K  b  o:i/i(*)  Jkk9ter»  portion  of  th(3  Bhauli^dfeiiijj^ 

(1)  Western  portioh  of  tlie^Pii^^nJ#¥a^^  3f  ti^^LlSI^MS^l^^lV  ^^ 

^::-irii r  )  v: •»    r:^3)iyrhe^4^<)lrth  EiUhifiAifmnge^^^h^^li^'^felBtii^         eTOxeviuS 


,  VI^  Jtianges  of  thfi  sixth  magnitude,  carryinq  peaks  jaoove  7000  feet-—f  . . 

r  r .  U)  Western  portion  of  the  Dhauladhar  range  oi  the  JLesser  Hi 


jsser  HimalayfL  ^ 
'    ,    (2)  The,:^ag  Tibba  range  of  the  Lesser  Him&Iaya.      ,    ^  ,       , 

(3)  The  Mussooree  range  of  the^  Lesser  mmalaya..  .         . 

b£>ax/3:j:qa  xiescf  eyfin  eegnai 


_  _  qsa  on 

£ftoft^'Pi^*^vafl^.Qpjnpaj^.na  ihAYe^bfei^  '^Wim^hA^^ms^fn^JAbmatif^aim'h. 

.■rIifefcllt^thft:hi#t9st  «ingp,.ffia:DWk  tljje  1»o^d^^, .,  But ;the;j^a*i4|»^jjtO;Pitifelriah5a4*aM»fct 

the  real  "  border  range  "  on  the  south  of  the  mountains  of  Asia  is  not  the  CkeadoaEiMMi. 

eJamMt^^^'^'i^ffSlife   .,■    .i..,.n,i   ..,K    r,...]       -..(-u^/.   io   i:ss«m  n§ixf  sdT 

Our  geographical  knowledge  is  not  at  present  sufficiently  complete  to  en&WS^ik^o 

Geographic!  kJ.o'vJfeik^'fe^feteV'^*'  ^^'^^''  '^^^^'^l^-^'M>miffm^  and 

breaks  in  Hihpilipflfi  i5Qt!itb6Hfi»»yi^wri9g  fifart  have  been 
introduced  where  information  is  altogether  w anting.. iifif«^tohtti8h?BfiPotS) have  observed 


tl|%  jijf  lji;j^ec^Qf  th»i  Bimftlay^/:  <A  the  :E£|.rakoriam,  of  the  Hindu  KusJi^  of  <^ft^dak ' :; 
ai^ofi^li£:Eaj}j^x^E|L|^g9&    :B]a8fiia^:)8fiir¥ejors  have  fixed  the  piineipal  pdnts  jol  >the 
Tian  Shan.   But  observations  of  the  Kuen  Lun  have  been  limited  to  their  western  ^)4>^  . 
tlmn^cOl  ttiQ  ^iflpiikefV-  KA^ '  EdEtshgeuc;  saiige^;  are  deficient  i^  aocuiacy  and  completeniess^ 
aq^/^t^pr  knpwi^edge  :  .of:  .\thiB  Aghfl  ratige  ^and  of  all  the  ranges  of   oentraland  easterA 
Tih^V/igat  pfQj^^iiit^ibased  not  Q^  trigpnpmetri^^^  but  oxl  the  te|>!ortB  of 

4c  r{t;}S possible tiiatlinaiQr  o£  our  present  ideas  of  ranges  will  be  found  in  the  future  to-  ^ 
b^incoirect::  geographical  sci^ice  when  it  is  not  advanced  by  sound  and  systenmtic  suT'-  V 
y^',«but"  is  dependent  on  the  infonhatipn  acquired  from  the  itineraries  of  explorers,   • 
h&sitD  malsieits  way  by  2ig-rzagB  of  apprdach,  often  overshooting  the  mark  to  which  it  is  .' 
directed,  sometimes  perhaps  going  wrong  altogether,  but  yet  aiwaya  endeavotcring  to 
retfdhStS'goaLby  successiv©  approximations.*    Until  all  data,  that  are  based^'tipon  the 
writings:'  6t  travellers  and  iiponi^he  crosfar  examinations  of  natives,  have  been  s^j^erseded 
by:Aheresults  of  ai  rigoro'us  survey ,.  the  geography    of  central,  of   northern  and   of 
eii^stem'  Tibet  wSU  have  to  be  regarded  as  a  preliminary  approximation,  Which  ig  liable^ 
td;be  largely  corrected  in  future.         r 

^  *  We  do  not  as  yet  know  the  humber  of  great  ranges  that   cross  Tibet  from  west  to  * 
eaftt  :■  one  explorer  ipllows  a  trough  between  two  ranges  and  another  does  the  saine  along 
a  j^ai'allel  line-to  the  south,  but  without trigonometricaldeterminations  of  the  positions 
oi  peaks  we  cannot  tell  if  the  range  seen  to  the  south  by  the  northern  traveller  is 
i^;nfa!bar  with  that  &eeii  to  the  north  by  the  southern  traveller. 

-'  We  do  not  know  whether  the  Karakot'am  range  ramifies  in  its  eastern  exteiision 
oif^t  central   Tibet,  nor  how  the  Tibefeah  tanges  merge  into  the  oblique  and  diverging 
cKains  of  Ssuchuan  arid  Burma,  nor  how  the  Kuen  Lun  range  breaks  up  at  its  eastern 
e^femity  iritb  the  coiriplicated  hetwork  of  minor  ranges,  described  by  Prejevalsky  and' 
S'i^li  H^din.  ■  •  •■ --'"^  «'-'  •  .   ■  '-•  .  .  '•^;..: 

It  is  certain  that  great  parallel  ranges  do  traverse  Tibet  from  west  to  east  and  ttii^t  ' 
after  being  compressed  between  Peshawar  and  Yarkand  they  tend  to  diverge  as  they 
progress  eastwards.    In  northern  Tibet  Sveri  Hedin  followed  a  trough  running  east 
and  west  between  two  ranged  for  400  miles,  Wellby  explored  a  similar  trough  and  Nain 
Singh  traversed  one  of  great  leiigth  in  central  Tibet. 

It  is  open  to  question  whether  we  are  justified  in  drawing  the  Kailas,  the  Ladak,  the 
^    .    ..,    -  Great  Himalaya  and  the  Siwalik  ranges,  on  the  frontispiece 

Coiitiiuji^  of  raoges.  "^    ,  ,  i     .  ': 

of  Part  I,  continuous  throughout  their  whole  lengths.  By 
giving  th^m  an  uninterrupted  continuity  we  imply  that  each  range  is  a  separate 
wrinkle  of  the  crust,  raised  throughout  its  length,  not  necessarily  at  the  same  time, 
Ijut  by  the  same  series  of  movements.  It  is  possible  that  these  ranges' 'will'  be  found 
in  places  to  cease  and  to  consist  in  reality  of  two  or  more  shorter  ranges,  differing  perhaps 


*  See  General  Wolket's  notes  on  his  map  of  Turidktan,  whl(^  he  compiled  in  the  office  of  the  Trigonometrical  Survey 
at  Dehra  Dmi  in  1^73.      > 
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flliglitly  in  alignment  and  overlapping  each  other  at  their  extremities.  Observations  oi 
peaks,  however,  lead  us  to  believe  that  the  ranges  are  continuous  and  are  not  broken  by 
overlaps. 

In  the  Great  Himalayan  range  continuity  of  alignment  has  been  almost  established 
throughout.  It  is  difficult  certainly  to  trace  the  prolongation  of  the  Eumaun  Himalaya 
into  the  Punjab,  the  Sutlej  having  cut  through  and  destroyed  all  signs  of  the  original  con- 
nection  (figure  4,  chart  xvi),  but  the  evidence  available  tends  to  indicate  that  the 
Kumaun  and  Punjab  Himalaya  were  once  a  continuous  range,  and  there  are  no  signs  of 
the  existence  of  any  original  overlap.  The  only  overlap  that  we  know  of  is  one  on  the 
Siwalik  range  illustrated  in  figure  2  of  chart  xix,  and  this  occupies  such  a  narrow  area, 
that  if  the  range  ever  grows  into  a  broad  high  fold,  the  overlap  will  be  lifted  up  and 
become  a  mere  surface  feature  of  the  crest. 

From  what  has  been  said,  it  will  be  readily  understood  that  no  complete  representa- 
^    ^  ^  ^         .  »  -X  f  tion  of  the  principal  ranges  of  Asia  can  at  present  be  pre- 

Tbe  cDttrt  ox  ranees  m  Part  i.  x  x  <7  j.  j. 

pared.  Between  perfect  knowledge  and  entire  ignorance 
there  lies  a  wide  field  of  uncertain  information  derived  from  inferences  and  speculations ; 
it  is  not  possible  to  omit  all  unverified  information ;  were  we  to  do  so,  our  chart  would 
be  almost  a  blank.  For  the  aid  of  future  investigators  we  must  include  theories  and  ideas 
which  may  be  confirmed  or  may  be  disproved  hereafter.  In  the  descriptions  of  indi- 
vidual ranges,  however,  care  has  been  taken  to  distinguish  between  what  is  known  and 
what  is  inferred. 

Though  the  range-chart  of  Part  I  may  be  found  in  the  future  to  contain  errors,  it 
summarises  the  present  position  of  Himalayan  geography.  No  attempt  has  been  made 
to  show  the  spans  of  the  ranges  nor  the  numberless  subsidiary  ridges  into  which  the  ranges 
have  been  carved  by  water ;  we  have  merely  indicated  the  trends  of  the  original  axes 
of  elevation,  and,  in  order  to  give  some  idea  of  the  relative  magnitudes  of  the  ranges,  we 
have  thickened  the  alignments  that  carry  the  highest  peaks,  and  drawn  those  of  low 
elevation  finely. 
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THE  RANGES  OF  THE  HIMALAYA. 

The  ranges  of  the  Himalaya  may  be  classified  as  follows  (  vide  frontispiece  of 
Part  I )  :— 

(I)  The  Great  Himalaya,  a  single  range  rising  above  the  limits  of  perpetual  snow» 
(II)  The  Lesser  Himalaya,  a  series  of  ranges  closely  related  to  the  great  range. 
(Ill)  The  Siwalik  ranges,  which  intervene  between   the   Lesser  Himalaya  and  the 
plains. 

The  GhrecU  Himalaya  range. 

The  Himalaya  is  the  name  applied  to  the  intricate  and  complex  system  of  moun- 
tains that  forms  the  northern  boundary  of  India  from  Afghanistan  to  Burma.  Some 
writers  have  limited  the  name  Himalaya  to  the  mountain  ranges  included  between 
the  Indus  and  the  Brahmaputra,  but  any  such  limitation  conveys  an  erroneous  idea 
of  the  physical  unity  of  the  mass.  The  Indus  and  the  Brahmaputra,  like  the  Sutlej 
and  the  Ganges,  cut  across  the  Himalaya  through  gorges,  which  they  themselves  have 
carved,  and  one  of  the  problems  now  confronting  geographers  and  geologists  is  the 
•determination  of  the  trans-Indus  and  trans-Brahmapiitra  courses  of  the  Himalayan 
ranges.  We  shall  not  therefore  be  in  a  position  to  define  the  limits  of  the  Himalaya, 
until  the  geology  of  their  extremities  has  been  studied. 

The  Great  and  Lesser  Himalaya  and  |;he  Siwalik  ranges  are  so  closely  related 

that  it  may  perhaps  be  desirable  to  commence  with 
fi^Ipara^Lm^  *^^  ^fi^Med  «to    ^  general  description  of  the  area  they  cover.     The  outer 

zone  of  mountains,  which  is  contiguous  to  the  plains 
of  India  and  which  contains  the  small  Siwalik  range  and  Ihe  valleys  in  lear  of  it,  was 
elevated  more  recently  than  the  Himalaya :  the  width  of  this  zone  vaiies  ficm  five 
to  thirty  miles,  being  narrow  in  those  places  where  the  Siwalik  range  is  janmied  against 
the  Lesser  Himalaya,  and  wide  where  open  valleys  intervene. 

The  second  zone  is  40  or  60  miles  broad,  and  is  covered  with  mountains,  that 
assume  in  the  Punjab  and  Nepal  the  form  of  longitudinal  ranges  running  generally 
parallel  to  the  great  range.  In  Kumaim  the  form  is  more  intricate :  here  the  peaks  of 
the  second  zone  do  not  appear  to  follow  distinct  alignments  of  maximum  elevation, 
but  to  be  scattered  throughout  the  region  and  to  possess  everywhere  a  remarkable 
uniformity  of  height  between  6000  and  10000  feet. 

The  third  zone  is  10  miles  broad,  and  is  occupied  by  spurs  projecting  southwards 
from  the  great  range ;  a  few  peaks  of  this  zone  exceed  15000  feet  in  height. 

The  fourth  zone  is  16  miles  broad,  and  contains  the  great  line  of  snowy  peaks, 
the  average  height  of  which  exceeds  20000    feet.    With  the    exception    of   the  low 
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ravines  cut  by  rivers,  the  whole  of  this  zone  is  situated  abbve  the  limits  of  perpetuaJ-- 
snow.     To  an  observer  on  the  outer  hillfe^  ^he  Lesser  Himalaya  appear  to  vary  but 
slightly  in  altitude  throughout  a  great  area,  but  the  Great  Himalaya  range  to  the  north . 
seems  to  rise  suddenly  Uke  a  wall  of  snow. 

The  fifth  zone  is  about  26  miles  broad,  arid  <iont6.ihs  the' troughs  of  rivers  rising 
b^l^d  the  fixeat  Himalaya.    The  average  height  of  the  beds  pf  the.  troughs!  KH^OO  > 
feet  and"  of  the   mountains  intersecting  them  19000  feet ;  the  average  height  ot  the^. 
zQjie  .is  considerably  less  than  that  of  the  snowy  zone.  ,  •  \ 

The  ranges  covered  with  perpetual  snow  and  the  highest  altitudes  of  the  Hima- ~ 
lava  occur  about  90  mil^s  from  the  southern  limit  of  the  mountains.    .    -.   -  r, 

In  the  charts  xiv  and  xv  eight  cross-sections  are    shown ;  they  have  been  drawn  ^ 
through  the  Himalaya  at  different  points  but  always  at  right  angles  to  the  great  range. 

The  rocks  of  the  Siwahk  range  are  stratified  and  date  from  the  latter  half  of  the 

the  age  of  the  Hiiiiaraya. '  -      tertiary  period ;  those  of  the  outer  Himalaye   we  rfl^Bati- 
r;  fied  also  but  are  very  much  older.  rr'.-t 

^  The. central  axis  of  the  Greatt  Himalayan  range  is  composed  of  granite  an^gnc^;-. 
on  either  side  of  it  are  to  be  seen  immense  depths  of  sedimentary  Strata,  whi$h  show 
t^at  thousands  of  feet  of  rock  have  been  removed  from  the  crest-line.    The  gcanite  -: 
solidified  and  cooled  while  below  the  surface  of  the  earth,  and  its.  original  coy^^kg  . 
hM  been  worn  awajr  by  the  subsequent  action  of  seas  and  rivers.  :     ,r 

I     The  Great  Himalaya  rose  to  be  a. mountain  range  in  the    same igeplogicibl  age: 
a^  the  mountains  of  Afghanistan .  and  Baluchistan  on  the  we^t  and  as  those  of  Arakan  - 
and  M^^nipur  on  the  east.'*'    The  immense  depression  pf  northern  .J^di€^    now  jfiUi^: 
with  the  alluvium,  of  the  .Ganges  and  In^us,  datjBs  from  the   Efaine  perigd-aa  th^  ele- 
vation of  the  Himalaya ;  as  the  latter  was  pressed  upwards  ijoito  an  arch,  the  former 
was  pressed  downwards  into  a  trough.  .    ,    -    r- 

Though  the  whole  length  of  the  Great  Himalaya  ]:ange  belongs  to  one  geological 
age,  yet  the  Punjab  Himalaya  are  supposed  to  have  risen  at  a  spm^what  later  date, 
than  the  Nepal  Himalaya.     The  presence  at  elevations  of  ICOOQ  fe^t  in  .the..  Punjab . 
Himalayi^  of  nummulitea  indicates  that  this  portion  of  the  range  did  Apt  emerge  i^jxx,. 

the  sea  till  comparatively  recently.  ..<•:•,-.,.•.,,'- 

■ .  ■  ^      •  ^    .»  .  .,''4 ' • ,   . '  %.. .- ' 

The  direction:  of  the  Great  Himalaya  range  does  not  bend  .with  an  unifonn^wir- 
V  BifurcAfions:  vaturc,  but  follows  different  alignmejitSi    ^s  it  bpixd^ Jfo/R.  g 

:      ,  ;  ,   .  west, tpno^h- west J^tfrequeBtlybifuTcaW 

n4aor  ranges  on 4)he  conyex,side,of  the  bendp^,  At  eaph  bifurcajjpn  t]iip^^;aiii^ 
t§fl!^.?^.^,.f*T?t'i^.PWt^^  in  the  afigi^nent,  which  the ^reat  :fai]^^ is  f^^ 
dually^  tiowever,  turns  and  finally  rup  pi^rallcl.to  t^9,;^i^F  ^i^tpi^tqi  ^^^^X^ffg^j 
^yy^purppses  of  description  ^t.  is  convenient  to  diyide  th^  great  range  ^to.Jour 
The  luui '  •  --     '  -     «.— ..^.     parts, — ^the  Assam  Hiinalava,  the  ^epal  Hiinat 


divided  into 


•  A  Manual  of  the  Otology  of  India,  2nd  Edition,  page  494.  "^ 


ij!^isssmxs:M^iiQ\mii(ati»jmasss.^m£m^.  •  ^7 


l^shapok  .thffv  are  conspicuous  ;  in 


i  dibejEf^ixis^iinkfbei^  iii;  their,  trend  are  nQtA&ady  matked/  ':Bikkimid:a:tran8- 

6jj»e^^idbaian^^E^«shi^gfiti&  baauo^^jKumii^n.  k  ax^:i]at];;Lcater:r^Qiio£ /moun- 

tains. ,  •^'..-  r\)i\::.\:  ^x•:  h::.i)  roJ";-;. ,:»  i::)::^v»c:Li  >:x^xuv? 
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c:.|Maktti9^audIiii  jd«Uter8/.flaid  jio^ifs  ;vthe  ^^^t  jps^k  <Qi.  t)^  fPfiOjA^^ttfAiQiiir'^Ml^ 
3bia  :;:snn  idifitecebdeA^lbetifreeni 'd|£^  x^f^m&  sl^Q\r.;JbLt»^;};impefti9i1^^ 
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La^alq  oai  tnoit  'noynuiU'lo  .'aids^«k)f;tl^^^range  Appears,  to;- 

^Jdtftt^'6l^%est^i^it^ttl«et8*4;fe6^^^^^^  tte^  range>  in  iSikkiin,  landta^  Mie 
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i>mr^t^^^miiikw^^'^'^^e''fp^^  8i)a^Ui»  •  iddgifeiriroiii  i^<^iiji»^ga  :i^^  the 

i>^^J!Ma^dg»'*xyffl?  R8tttun^>'Itis  *ontfei<<abia -tia^  change, ^o^  aligij^iipt,  the 

"^""^S^llMlMy^^^&yMl^'^h^^^  and  the  two  great  ridges  are 

ClSff  eil^6§ds^  of ^it'^qpft^rh^'pfreBBtlfe^  fromi  tiid  dixktiona  erf  c^ttrmsC^  aloiig  :the  irknite.  vi ':  >  xa 
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iU'^i^)TAt%ff m^ otr^^^^  ^rtSr^^'^  ^{)klieiif  lii^ait'iias 

%^ir^4ar^^^^  *c^^^t^uftmii  fef  W^al;*' WfigSUnf  ^Iciii^^ 

branch,  carrying  Nanda  Devi  (26645  feet)  and  Badrinath  (23190  ^Ift^Jiig^Wii-^^^ed 
^4)  flS'th&^SiVHiiSialaJW^^^afctf*  ^^Afti^rittljgiterflifeB^iT^  and 

^°  fM*  v?SW %ftft?Mie  ISfee  #  rta»83ibul»> a«^ff-»^F  BfffeedfiBi»-tb§%o!ftH^ 
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. ■ —  — r-tjifg;  -^'^n-^'.  \~^  t)h  ,oX  ivin^irmttL  ~*  —    - 
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The  Etimaim  Himalaya  stretch   from  the  Kali  to  the  Sutlej ;  the  highest  peak 
^  ^         „.    ,  is  Nanda  Devi  (25645  feet).    There  are  bifurcations  at  Bad— 

The  Kumaim  Hlmalaja.  ^  ^ 

rinath  and  at  the  Sutlej  (see  chart  xvi). 

After  the  bifurcation  at  Nampa  the  width  of  the  great  range  becomes  less  and^' 
its  altitude  greater ;  after  the  bifurcation  at  Badrinath  (see  figure  3,  chart  xvi)  the^ 
width  becomes  greater  and  the  altitude  less. 

The  upper  surface  of  the  Kumaun  Himalaya  appears  to  be  corrugated.  The 
Gktngotri  glacier,  for  example,  at  the  source  of  the  Bhagirathi  flows  for  16  miles  along' 
a  trough  in  the  crest-zone  of  the  great  range  (see  chart  xxiv,  Part  III).  The  mean, 
altitude  of  its  surface  is  14000  feet,  and  there  are  peaks  of  22000  feet  on  either  side 
within  2  miles  of  it ;  its  trough  is  parallel  to  the  axis  of  the  great  range.  *  Similar 
corrugations  exist  in  the  Nepal  Himalaya  behind  Mount  Everest^f  The  parallelism 
of  the  corrugations  leads  us  to  think  that  they  are  the  results  of  a  superficial  compression 
of  the  crust.  The  view  of  the  Great  Himalaya,  that  is  obtainable  from  the  plains 
of  India  or  from  the  outer  hills,  conveys  the  impression  that  the  snowy  range 
possesses  a  narrow  and  sharply-edged  crest-line,  but  this  idea  is  incorrect :  the  summitv 
of  the  range  is  several  miles  broad,  and  the  great  peaks  stand  in  a  wide  zone.  To  a 
distant  observer  the  snowy  range  east  of  the  Sutlej  appears  to  resemble  the  edge  of  a 
saw,  but  its  crest-zone  measures  30  miles  in  breadth. 

The  Kumaun  and  the  Punjab  Himalaya  do  not  follow  the    same    alignment,  and: 

The  Punjab  Himalaya.  originally  met    at  an  angle;   they  are  now  separated 

by  the  defile  of  the  Sutlej,  which  cuts  across  the  range^ 
exactly  at  the  angle.    An  important  bifurcation  occurs  here  (figure  4,  chart   xvi). 
After  the  bifurcation  at   Dhaulagiri  the  elevation  of  the  range    diminishes,  and  a 
similar   diminution  occurs   after  the   bifurcation  at  the    Sutlej.    East   of  Dhaulagiri 
there  are  peaks  exceeding  26000  feet,  west  of   it  but  few  peaks  rise    to    22000  feet. 
East  of  the  Sutlej  the  Kedamath,  Jaonli  and  Badrinath  peaks  stand  above  22000  feet^ 
but  west  of  the  Sutlej  few  peaks  exceed  20000  feet.    We  have  already  seen  that  as. 
a  range  bends,  it  bifurcates,  and  now  we  see  that  it  changes  its  form  after  bifurcation. 

The  characteristics  of  the  great  range  are  so  difierent  on  the  two  sides  of  the 
Sutiej  that  doubts  as  to  its  original  continuity  have  been  expressed :  our  maps  show 
one  range  meeting  the  Sutlej  from  the  east,,  and  two,  if   not  three,   smaller  ranges- 
leaving  it  on  the  west. 

The  difficulty  of  determin  ing  he  original  lines  of  structure    is    increased    by    the 
presence     of  the    extraordinary      Narkanda-Mahasu    ridge    that   runs     diagonally 
across  the  Himalaya  from  the  high  snows  to  the  low  plains  :%  this  ridge  is  not  cut  across., 
by  any  river,  and  its  unbroken  imif ormity  of  descent   is  only    equalled  by  that  of 
Singalila.    It  forms  the  southern  boimdary  of   the  basin  of  the  Sutlej,  and   it  was 


^  Atiaa  Sheet  No.  66 :  1  inoh-4  miles, 
t  Map  of  Nepal,  1  inch- 16  milee. 

X  See  AUas  Sheet  No.  47,  loale  i  iiioh«4  miles,  and  Sheets  of  the  Ponjab  Survey,  Nos.  310  S.-EL  and  311  Ni-Kw 
Scale  1  inoh'half-a-mile. 


THE  PRINCIPAL  MOUNTAIN  RANGES  OF  ASIA.  79^ 

regarded  by  Mr.  Fraserin  1820,  by  Captain  Herbert  in  1821,  and  by  Captain  Gerard  in 
1822  as  the  real  termination  of  the  great  Himalaya  of  Kumaun  and  Nepal. 

The  bifurcating  branch  at  Badrinath  becomes  the  Dhauladhar  range  of  the  lesser 
Himalaya,  that  at  the  Sutlej  becomes  the  Pir  Panjal  range  of  Kashmir.  The  Dhauladhar, 
the  Pir  Panjal,  the  Punjab  Himalaya  and  the  Zaskar  ranges  are  all  secondary 
undulations  superposed  on  one  flat  broad  arch,  the  span  of  which  reaches  from  the 
plains  of  the  Punjab  to  the  Indus  in  Tibet. 

Near  the  centre  of  the  Punjab  Himalaya  the  range  culminates  in  the  Nun  Kun 
peaks*  (23410  and  23250  feet)  which  stand  3000  feet  above  the  crest. 

The  water-parting  of  the  Punjab  Himalaya  follows  an  exceptionally  straight. line 
from  the  Sutlej  to  the  Nun  Kun  peaks,  and  again  from  those  peaks  onwards,  but  at  the 
peaks  themselves  it  exhibits  a  double  sinuosity,  which  is  illustrated  on  chart  xxxiv  of 
Part  III,  and  which  is  possibly  a  feature  of  original  structure.  North-west  of  the  Nun 
Kun  peaks  the  crest-zone  is  in  places  corrugated. 

The  northern  and  southern  slopes  of  the  Punjab  Himalaya  are  very  diflEerent  in 
form  and  character ;  the  northern  are  bare  and  stony,  but  contain  lakes  and  high 
plains,  the  southern  are  forest-clad  but  are  seldom  level. 

In  the  Nepal  and  Kumaun  Himalaya  there  are  many  river  gorges  piercing  the 
granite  range,  but  no  river  crosses  the  Punjab  Himalaya.  The  Zoji  pass,  however, 
is  a  remarkable  feature  of  the  latter.  This  pass  across  the  great  range  is  only  11300 
feet  high,  and  is  consequently  below  the  level  of  the  troughs  that  lie  in  rear  of  the  Nepal 
Himalaya.  "  Such  a  depression  elsewhere  would  have  been  sufficiently  deep  to  open 
*'  a  passage  for  the  drainage  of  the  table-land,  but  the  great  depth  of  the  vaUey  further 
"  north,  in  which  the  Indus  flows,  here  gives  the  waters  ^  more  favourable  escape  in  that 

"  direction."! 

Though  the  Zoji  defile  was  probably  carved  out  of  the  range  by  a  pre-historic 
river,  it  is  now  a  true  pass,  that  is  to  say,  it  crosses  a  water-parting  line,  and  from  its 
summit  streams  descend  in  opposite  directions.  The  descent  from  the  Zoji  is  very  steep 
on  the  side  of  Kashmir,  but  is  gentle  on  the  side  of  Ladak  :  the  pass  itself  is  grassy  and 
so  level  for  half  a  mile  that  the  exact  water-parting  line  is  difficult  to  discover.  Peaks 
rise  immediately  on  both  flanks  of  the  pass  to  14000  feet,  and  then  gradually  to  16000 
and  17000  feet. 

To  the  casual  observer  the  Punjab  Himalaya  appear  to  terminate  suddenly  at  the 
Western  termination  of  the  Great  Indus  in  the  gigantic  cone  of  Nauga  Parbat :  and  even 
Himalaya.  trigonometrical     observations    have    failed  to   indicate 

the  course  of  the  great  range  beyond  the  Indus  (see  chart  xvii). 

Schlagintweit  considered  that  on  the  western  side  of  the  Indus  the  Himalaya  and 
Karakoram  (see  frontispiece  to  Part  I)  could  not  be  separated  into  chains:  ''they 
"form,"  he  wrote,  "  one  mountain  mass,  the  elevation  of  which  decreases  very 
*  rapidly  to  the  westward.  "J 

*  Ser  and  Hor,  vide  table  vi  of  Part  I.     For  an  exploration  of  the  Nun    Kun  group  see  flonter  Workman's  address, . 
Oeographical  Joumaly  Vol.  XXXI. 

t  Sir  Richard  Strachey's  Himalaya  :  Encydopcedia  Britarmica,  Vol.  XL 

t  JouTTHd,  Asiatic  Society  of  Bengal,  Vol.  XXVI,  1857. 
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Colonel  Tanner  wrote  as  follows  of  the  country  between  the  Indus  and  the  Kunar 
(see  frontispiece  to  Part  I): — 

^  ^  The  central  backbone  may  be  described  as  a  huge  broken  table-land  running  up  into 
**  wave-like  ridges,  which  rise  but  a  few  hundred  feet  above  the  general  level  of  the  range. 
'^  The  ridges  and  peaks  on  the  central  backbone  are  all  of  nearly  the  same  height,  and  are 
"  very  similar  to  each  other  in  appearance,  and  consequently  not  easy  to  identify  from 
*^  points  more  than  a  few  miles  apart.  For  this  reason  neither  my  surveyors  nor  myself 
**  have  been  able  to  fix  with  accuracy  any  points  on  the  watershed,  nor  the  passes  which 

*  *  lead  over  the  range,  though  several  have  been  determined  approximately.    It  is  not  I 

*  *  only  who  have  experienced  a  difficulty  here,  for  the  Great  Trigonometrical  Surveyors, 
"  when  prosecuting  the  Kashmir  triangulation,  though  they  have  fixed  peaks  far  away 
**  even  in  the  very  heart  of  Kafiristan,  have  failed  to  determine  more  than  two  or  three 
''  points  on  the  entire  watershed,  a  distance  of  nearly  150  miles.  From  the  beginning  of 
•'  September  the  great  ocean-like  expanse  of  wavy  ridges  was  snowed  up."* 

At  a  subsequent  date  Colonel  Tanner  referred  again  to  the  same  region.  * '  We  have 
"  now  obtained,"  he  wrote,t  "  nearly  all  the  topography  of  that  remarkable  region,  which 
**  is  situated  on  the  northern  slope  of  its  ill-defined  watershed,  and  to  the  eastward  a  small 
**  portion  of  the  southern  slope  as  well.  It  is  an  immense  tangle  of  exceedingly  sharp 
"  ridges,  which  zigzag  about  in  the  most  perplexing  manner.  There  are  hundreds  of  peaks 
"  of  nearly  the  same  height  and  so  like  each  other  that  after  moving  a  few  miles  they  calmot 
"  be  recognised.  One  very  marked  feature  in  this  range  is  the  extraordinary  number 
*'  of  mountain  lakes  or  tarns,  which  are  found  as  many  as  three  or  four  together  at  the 
"sources  of  all  the  small  feeders." 

Mr.  Lydekker  has  also  referred  to  the  uniformity  of  elevation  which  prevails  in  the 
region  north-west  of  the  Indus.  *'  A  remarkable  feature,"  he  wrote,  "  along  the  Indus 
"valley  in  Darel,  for  the  notice  of  which  the  writer  is  indebted  to  Lieutenant-Colonel 
"  Tanner,  is  that  all  the  peaks  over  a  considerable  area  reach  to  a  nearly  uniform  height 
'•  of  about  21000  feet ;  thus  apparently  leading  to  the  conclusion  that  this  level  indicates 
•'*  an  old  plain  of  marine  denudation,  originally  bordered  by  higher  ground  of  which 
"  the  peaks  of  Nanga  Parbat  and  Rakaposhi  reaching  to  over  26000  and  26000  feet 
*'  are  remnants." J 

Trigonometrical  surveyors  have  thus  not  been  able  to  trace  by  means  of  heights 
the  continuation  of  the  Great  Himalayan  axis  beyond  the  Indus,  and  the  problem 
will  not  be  solved  without  a  geological  survey.     It  is  possible  that  the  range  curves  in 


I 


•  Qenerci  Report,  Surveylof  India,  1878.79. 

t  Cfeneral  Seport,  Survey  of  India,  1879-80. 

The  following  extract  is  also  from  Colonel  Tanner's  Report  for  1879-80  :  "  When  I  say  that  I  have  fixed  145  hill  peaks, 
*'  I  do  not  wish  it  to  he  understood  that  the  points  have  the  accuracy  of  those  hitherto  accepted  by  the  Great  Trigonometri- 
<*  cal  Survey.  The  apexes  of  some  of  my  triangles  are  so  acute  that  an  error  of  one  minute  at  either  of  the  ends  of  the  base 
**  would  mi^e  an  error  of  ten  miles  in  the  position  of  the  point.  I  hope  however  at  some  future  time  to  be  able  to  improvfc 
« the  shape  of  the  triangles,  so  that  my  points  shall  be  true  t3  a  tenth  of  a  mile." 

J  Memoirs,  Oeological  Survey  cf  India,  Vol.  XXII,  1883. 
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parallelism  to  the  Karakoram  and  Kailas  ranges,  and  that  the  Indus  has  cut  through 
it  at  its  bend.  If  the  bend  is  accompanied  by  a  bifurcation,  the  same  difl&culty 
of  identifying  continuity  will  occur  here  as  has  occurred  at  the  Sutlej. 

The  country  to  the  west  of  the  Indus  has  not  as  yet  been  geologically 
surveyed,  and  we  know  nothing  of  the  trend  of  folds  between  the  Indus  and  the 
Kimar.  We  know,  however,  that  in  Chitral  the  prevailing  strike  of  the  stratified  rocks 
as  observed  by  Sir  Henry  McMahon  is  approximately  from  north-east  to  south-west,* 
whilst  a  similar  trend  has  been  observed  by  Mr.  Middlemiss  in  all  the  sedimentary  series 
of  Hazara,t  and  it  is  therefore  highly  probable  that  a  corresponding  change  of  alignment 
occurs  in  the  ranges  of  the  intervening  area. 

Though  trigonometrical  observations  failed  to  determine  the  trans-Indus  extension 

Eastern  termination  of  the  Great    ^*  *^^  8^^*  ^^^g^*  ^^^7  revealed  the  general  surface  form 
Hiniaiaya.  ^f  ^^g  region,  but  east  of  the  Brahmaputra  no  observations 

have  been  taken ;  and  nothing  is  known  at  all  of  this  extremity  of  the  Himalaya, 

beyond  the  meridian  of  93°4 

The    southerly  extension  of  the  Ninchinthangla  range  shown    on  chart  xvii   is 

purely  conjectural. 

The  Arakan  ranges  running  in  directions  parallel  to  one  another  and  perpendicular 
to  the  Great  Himalaya  appear  on  maps  to  be  compressed  unduly  close  together  opposite 
the  extreme  point  of  the  latter  range ;  north  and  south  of  this  point  they  seem  to  diverge 
to  a  certain  extent  from  one  another.  If  we  were  to  accept  the  maps  as  reliable,  we 
might  be  led  to  infer  that  the  wrinkles  of  the  Arakan  crust  had  been  squeezed  together 
by  the  resistance  offered  to  them  by  the  point  of  the  perpendicular  range :  but  the 
country  has  never  been  surveyed  and  the  maps  cannot  be  accepted  ;  the  apparent 
crowding  of  the  Arakan  ranges  against  the  Himalayan  point  must  have  originated  in 
the  imagination  of  a  draftsman. 

Prince  Kropotkin  thinks  that  the  Great  Himalaya  continues  as  a  considerable 
range  through  Arakan  into  China,  and  that  it  is  cut  across  by  the  Salween,  the  Mekong 
and  the  Yangtze.  **  The  great  Khingan,"  he  writes,  "  which  is  the  eastern  border  range 
of  the  great  plateau  of  east  Asia,  joins  the  Himalaya,  and  consequently  in  the  region 
(29°  N.,  117°  E.)  where  we  have  on  our  maps  fan-like  chains  of  mountains  radiating 
between  the  Salween,  the  Mekong  and  the  Blue  river,  there  are  simply  narrow  gorges 
"  through  which  these  rivers  descend  from  the  plateau.  "§ 

There  are,  however,  reasons  why  we  are  unable  to  accept  Prince  Kropotkin 's 
theory  :  it  is  improbable  that  three  extraordinary  rivers,  possessing  long  Tibetan  courses, 
should  develop  very  close  parallel  troughs  between  Tibet  and  Burma :  we  believe  that 


♦  Oedoyical  Magazine,  Dec.  IV,  VoL  9  (1902),  p.  6. 

t  Memoirs,  Oeologieal  Survey  of  India,  Vol  XXVI  (1896). 

t  General  Walker  thought    there  were  no  peaks  higher  than  16700  feet  east  of   longitnde  98'.     Proceedings,  Royal 
Oeographieal  Society,  1887. 

J  Oiographical  Journal,  Vol.  XXIII,  1004. 
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the  troughs  in  which  they  flow  must  be  features  of  original  structure :  if  the  three 
rivers  had  had  to  force  a  passage  through  the  Great  Himalaya,  they  would  have 
probably  united  before  doing  so  (chart  xvn). 

It  may  be  found  that  near  longitude  98°  the  Great  Himalaya  changes  direction 
to  the  south-east.  On  the  other  hand  it  is  possible  that  no  continuous  extension  will 
be  discovered,  and  that  the  range  will  be  shown  to  end  between  the  meridians  of  96° 
and  98°. 

If  we  consider  the  great  difficulty  of  tracing  the  Himalayan  connection  across 
the  Sutlej  through  a  tract  that  is  comparatively  well-known,  we  shall  realise  the 
futility  of  theorising  upon  the  unexplored  region  east  of  the  Brahmaputra.  Were 
a  range  to  maintain  similarity  of  form  and  uniformity  of  height  on  the  two  sides 
•of  a  river  gorge,  no  difficulty  of  identification  would  arise ;  but  rivers  frequently  cut 
across  ranges  at  the  very  points  where  the  ranges  are  undergoing  change  in  shape, 
and  destroy  the  ranges  at  the  places  where  the  differences  originate. 

Chart  XVII  illustrates  the  similarities  between  the  eastern  and  western  termina- 
tions of  the  Great  Himalaya.  We  have  as  yet  no  proof  that  the  Ninchinthangla 
sweeps  round  on  the  east  as  the  Karakoram  does  on  the  west,  but  the  courses  of  the 
rivers  in  the  two  regions  are  very  similar.  On  the  north-west  we  have  a  number  of 
rivers  flowing  parallel  to  the  Hindu  Kush  and  crossing  the  Himalayan  alignment 
s,t  right  angles :  there  are  the  Indus,  the  Kishanganga,  the  Swat,  the  Kimar,  the 
Pan]  shir  and  the  Oxus.  On  the  east  we  observe  the  same  phenomenon  :  the  Brahma- 
putra, the  Salween,  the  Mekong  and  the  Yangtze  all  cross  the  Himalayan  alignment 
at  right  angles. 

On  the  north-west  the  several  parallel  rivers  flow  into  the  Kabul  river,  which 
flows  from  the  Hindu  Kush  on  a  course  parallel  to  the  Himalaya :  on  the  east  the 
Zayul  river  is  to  the  Brahmaputra  what  the  Kabul  river  is  to  the  Indus.  The 
Eaga  tributary  of  the  Brahmaputra  in  Tibet  has  its  counterpart  in  the  Shyok  tributary 
of  the  Indui3  (charts  xxx  and  xxxiv  of  Part  III). 

We  have  now  to  trace  the  crest-zone  of  the  Great  Himalaya  and  to  observe    its 

variations  in  height.     From  the  ten  Himalayan   groups 

The  variations  in  the  height  of  the      of    peaks  described   in    Part  I  and    tabulated  on  pages 
crest  of  the  Great  Himalaya.  37    ^^^^  33^    ^g    Can    determine   the    lengths    of    the 

Himalayan    axis   carrying     peaks   of   24000     feet     and 
higher,  and  the  lengths  of  axis  on  which  no  such  peaks  occur. 

In  chart  xm  a  longitudinal  section  along  the  crest-line  of  the  Great  Himalaya 
range,  from  the  Indus  to  the  Tista,  has  been  drawn  to  illustrate  the  principal  gaps  in 
the  line  of  great  peaks.*    In  the  following  table  are  given,  firstly,  the  several  lengths 


*  We  ha  ye  not  sufficient  information  to  justify  us  extending  the  section  from  the  Tista  to  the  Brahmapatra. 
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-of  crest-line  which  have  been    observed  to    carry    peaks  exceeding  24000  feet,  and, 
secondly,  those  lengths  on  which  no  peaks  of  24000  feet  have  been  discovered :— ' 


TABLE  XXV. 


Length  of  conti- 

Length of  depres- 

The  elevated  portions  of  the  range. 

The  depressions  of  the  range. 

nuous  crest-zone 
carrying  peaks 

sions  in  crest-zone 
where  no  peaks  of 

exceeding  24000  feet 

24000  feet  occur. 

1 
1 

Miles. 

Miles. 

Kinchin junga  group  of  peaks 

1 
.... 

7 

V     •     •      • 

....                                        Passage  of  the  Amn  Kosi  . 

.... 

63 

Everest  group  of  peaks     .     .  i                     

35               1 

•  .  .  • 

Passage  of  the  Bhotia  Kosi  . 

•  •  •  . 

60 

Gosainthan  group  of  peaks  .                        

2 

.  •  •  . 

Passage  of  the  Trisuli  Gandak  \ 

....                        1 

39 

Group  V  *       .         .         .     .                        

1 

*  •  .  . 

....                                      ,  Passage  of  the  Buria  Gandak .  . 

•     •     •      • 

34 

Group  VI*     . 

•  •  .  • 

10 

.... 

Depression  of  range    . 

•      •     •     • 

26 

Group  VII  ♦        .         .         .                        i 

18 

•      •      »     • 

Passage  of  the  Kali  Gandak* 

•      •     •     • 

21 

Dhaulagiri  group  .         .         .'                     

17 

.... 

Depression  of  range              .  ' 

.  •  •  . 

223 

Nanda  Devi  .      .         .         .  '                      | 

1 

•      •     •     • 

....                                        Depression  of  range 

.... 

470 

Nanga  Parbat      .         .         .1                       

2 

1 
.... 

Aggregate  length  of  crest  carrpng  great  peaks 

.     93 

.... 

Aggregate  length  of  gaps  and  depressions 

a               ....                                     . 

936 

Ninety  miles  of  the  crest-zone  of  the  Nepal  Himalaya  carry  peaks  exceeding 
24000  feet :  the  twin  peaks  of  Nanda  Devi  are  the  only  points  of  the  Kumaun  Himalaya 
that  rise  above  24000  feet,  and  the' peaks  of  Nanga  Parbat  the  only  points  of  the 
Punjab  Himalaya. 

If  complete  maps  existed  of  the  Himalaya,  the  whole  area  would  be  found  to  be 

dotted   with   passes :   the   number   of  passes   runs   into 
Passes  over  the  Great  Himalaya,     thousands,  and  no  attempt  has  been  made  in  this  paper 

to  compile  a  catalogue. 

Passes  do  not  as  a  rule  possess  any  scientific  interest ;  they  are  mostly  situated 
on  the  crests  of  spurs  and  minor  ridges,  and  are  seldom  found  upon  the  axes  of  the 
great  ranges.  We  will  take  the  cases  of  a  few  well-known  passes  to  illustrate 
our  meaning.     The  Tipta    (15600   feet),   for    example,    is    a    much-frequented  pass 


♦  Vide  page  38  of  Part  L 
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of  eastern  Nepal,  but  it  has  no  geographical  significance ;  it  is  situated  on  the 
crest  of  a  southern  spur  of  the  Great  Himalaya, — a  spur  that  has  been  carved  altogether 
by  water, — and  it  allows  travellers  to  cross  from  the  valley  of  the  Tambar  Kosi  to 
that  of  the  sister-river  the  Aran.  The  Rohtang  pass  (13000  feet,  chart  xxxn)  and  the 
Hamta  (14000  feet)  cross  the  eastern  section  of  the  Pir  Panjal  range  between  Kulu 
and  Lahaul  and  are  on  the  water-parting  between  the  Beas  and  Chenab.  The  Buran 
ghati*  (15121  feet)  and  the  Shatul  (15656  feet)  cross  the  eastern  section  of  the 
Dhauladhar  range  south  of  the  Baspa.  The  Kamri  (13260  feet)  and  the  Burzil  (13500 
feet)  cross  weather-worn  ridges  north  of  Kashmir.  Even  the  Manirang  (18600  feet), 
south  of  the  Spiti  basin,  and  the  Baralacha  (16047  feet),  north  of  Lahaul,  cannot  be 
regarded  as  crossing  the  Great  Himalaya. 

In  the  Nepal  and  Kumaim  Himalaya  travellers  pass  from  India  into  Tibet  along 
the  channels  of  the  great  rivers :  these  channels,  difficult  though  they  are,  furnish 
readier  means  of  access  than  moimtain  paths  above  the  snow,  and  passes  over  the  range 
are  consequently  not  necessary.  The  defile  of  a  river  is  sometimes  regarded  as  a  '  *pass," 
but  when  entered  upon  a  map,  the  word  ' '  pass  ' '  almost  always  denotes  the  highest 
point  of  a  path,  with  an  ascent  to  it  from  one  side  and  a  descent  from  it  on  the  other.f 

The  Bhotia  Kosi  and  Dudh  Rusi  rivers  (chart  xxviii)  rise  in  the  Great  Himalaya  range 
but  north  of  its  axis,  the  former  at  the  Thanglang  pass  (18460  feet),  the  latter  at  the 
Pangula  (20000  feet).  These  passes  are  the  highest  points  of  routes  connecting 
Nepal  and  Tibet,  but  they  are  not  situated  on  the  axis  of  the  great  range,  being  30  or 
40  miles  in  rear  of  it.  The  rivers  have  cut  down  the  axis  and  the  passes  cross  only 
the  northern  flank  of  the  range.  Similarly  the  passes  into  Tibet  from  the  Tista  basin, 
the  Koru  (16900  feet),  the  Naku  (18186  feet),  the  Donkia  (18100  feet),  are  over  the 
northern  flank  of  the  great  range  but  not  over  the  axis ;  the  Tista  has  carved  a  bay 
out  of  the  range  behind  the  axis  and  the  passes  lead  over  the  northern  edge  of  the 
bay.  The  Tang  pass  (16200  feet),  however,  near  Chumalhari,  at  the  head  of  the  Chimibi 
valley,  is  a  pass  over  the  axis  of  the  great  range  itself. 

The  Punjab  Himalaya,  not  having  been  pierced  by  rivers,  furnishes  more  examples 
of  passes  crossing  the  axis  than  the  mountains  of  Nepal  and  Kumaun.  A  notch  in  a  range 
does  not  become  a  ' '  pass, ' '  until  it  is  frequented  by  travellers,  and  though  notches  in 
Nepal  are  probably  as  plentiful  as  in  the  Pimjab,  they  are  not  used  as  passes.  In  the 
Punjab  the  absence  of  river-gorges  through  the  range  obliges  men  to  cross  the  crest-line, 
if  they  wish  to  enter  Tibet,  and  several  passes,  of  which  the  Zoji  (11300  feet)  is  the 
best  known,  do  traverse  the  axis  of  the  great  range. 


•  The  •*  Boorendo  ' '  of  Gerard,  1821. 

t  The  English  word  "  pass  "  denotes  any  narrow  passage.  The  Afghan  word  "  Kotal "  and  the  Tibetan  word  "  La  " 
denote  the  highest  point  of  a  mountain  path,  with  an  ascent  to  it  on  one  side  and  a  descent  from  it  on  the  other.  The 
topographical  §ymM  for  *'  pass  "  is  only  applied  on  maps  to  Kotals  or  Las,  but  the  word  "  pass  "  has  been  applied  also  to 
long  nver  beds  like  the  Khyber  and  Bolan 
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The  Siwalik  range. 

The  Siwalik  range  separates  the  Himalaya  mountains  from  the  plains  of  India 

and  is  the  southern  border  range  of  the  Tibet  mountain 

Its  ftcc  And  continuity.  rm  -i       ■  i  11  ■    ^     i. 

system.  Though  its  upheaval  was  accompamea  by 
movements  of  the  Himalayan  mountains  themselves,  and  probably  by  increases  in 
the  latter' 8  elevation,  yet  the  Siwalik  range  is  of  more  recent  formation,  and  is,  perhaps, 
the  most  recently  formed  range  of  similar  magnitude  on  the  earth.  It  is  stiU  in  the  first 
stage  of  growth,  and  it  may  be  expected  in  the  future  to  rise  in  altitude  and  to  expand 
in  width. 

With  the  exception  of  a  short  distance  of  50  miles,  opposite  to  the  basins  of  the 
Tista  and  the  Baidak,  the  Siwalik  range  has  been  shown  by  geologists  to  skirt  the 
Himalaya  throughout  their  length  with  remarkable  uniformity  for  1600  miles,  from 
the  Brahmaputra  to  the  Indus  and  even  to  the  west  of  the  Punjab. 

At  the  passage  of  the  Sutlej  there  is  a  break — ^not  a  bend — ^in  the  alignment  and 
the  two  lengths  of  range  appear  to  overlap.  Figure  2  of  chart  xix  shows  how  the 
range  north  of  the  Sutlej  is  not  a  direct  prolongation  of  the  one  to  the  south.*  If  the 
elevation  of  the  Siwalik  range  continues  now  to  increase,  and  at  a  rate  sufficient  to 
dam  the  Sutlej,  the  present  overlap  will  be  converted  into  a  sinuosity  of  the  crest-line 
and  water-parting,  such  as  is  often  seen  on  great  ranges »  and  the  present  defile  of  the 
Sutlej  will  become  a  *  *  pass. ' ' 

In  places  the  Siwalik  range  is  pressed  against  the  outer  Himalayan  ranges,  and 

its  existence  would  be  overlooked  by  the  casual  observer : 

Its  **  duns.  **  .•,...  IP  i       XT'       1  t 

m  other  places,  it  is  separated  from  the  Himalaya  for 
distances  of  20  or  50  miles  and  encloses  canoe-shaped  longitudinal  valleys  called 
**  duns.''t  The  best  known  of  these  is  the  Dehra  Dun,  that  stretches  from  the  Ganges 
to  the  Jumna :  deposits  of  rounded  stones,  gravel  and  sand  have  been  brought  down 
to  the  Dehra  Dun  from  the  Himalaya  and  have  raised  its  surface  1000  feet  above 
the  level  of  the  plains  beyond  the  Siwaliks.  Other  duns  near  Kumaun  are  the  Kotah, 
Path,  Kothri,  Chgumbi,  and  the  Kyarda,  and  many  exist  in  Nepal ;  but  they  are  not 
foimd  north  of  the  Ravi. 

The  Siwalik  range  is  strongly  developed  opposite  the  Dehra  Dim  with  steep  south- 
em  slopes  and  gentle  northern :  near  the  centre  of  this 
dun  the  range  bends  through  an  angle  of  40  degrees, 
a  similar  bend  being  observable  in  the  outer  Himalayan  range,  15  miles  to  the  north. 
On  the  convex  side  of  its  bend,  following  the  example  of  its  great  Himalayan  neigh- 
bour, the  Siwahk  range  threw  off  a  branch  range,  remains  of  which  are  still  visible 
in  the  hill  of  Nagsidh  (see  figure  3  of  chart  xix).  As  is  a  common  occurrence  in  the 
great  Himalaya,  the  Siwalik  range  is  crossed  by  a  defile  at  the  very  point  of  its  bend.  J 
Figure  1  of  chart  xix  illustrates    another    bifurcation    in    the    Siwalik  range. 

■ — -      -  -  —  ,   , 

•  Atlas  sheet  No.  47,  Scale  I  inch=4  mUes. 

't  Vide  Phifsical  Oeologp  of  the  Sub-Bimalaya  of  Oarhwal  and  Kwnaun^  by  C.  S.  Middlemiss:   Memoirs,  Oeologteal 
Swvey  of  India,  Vol.  XXIV,  1890. 

2  The  defile  is  the  Hohan  pass,  see  Atlas  sheet  48  N.  E. ;  also  see  sheets  of  the  Dehra  Dun  and  Siwalik  Survey. 
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The  Ganges  bounds  the  Dehra  Dun  on  the  east,  and  east  of  the  Ganges  the  Siwalik 
range  is  compressed  against  the  outer  Himalaya  :  it  is  deserving  of  note  that  the  Ganges 
cuts  through  the  two  ranges  near  their  point  of  conjunction. 

The  Siwalik  range  is  composed  of  the  same  material,  hardly  consolidated,  that 

forms  the  deposits  of  the  level  plains  of  northern  India. 

Its  rockSa 

The  Siwalik  zone  was  formerly  the  northernmost  belt  of 
the  flat  alluvial  region :  it  has  been  compressed  by  lateral  forces  into  a  long  fold  or 
range.  The  folding  of  the  Siwalik  strata  shows  that  the  whole  Himalaya  must  have 
advanced  southwards.*  The  thickness  of  the  strata  in  the  Siwaliks  exceeds  15000 
feet ;  these  immense  deposits  were  all  brought  down  by  the  Himalayan  rivers  and 
upheaved  in  recent  times.  The  rocks  of  the  Siwaliks  are  entirely  of  fresh-water  origin 
and  prove  that  the  sea  has  not  washed  the  base  of  the  Himalaya  since  the  eocene 
period-t 

The  Siwalik  range  is  of  so  recent  a  growth  that  its  features  are  for  the  most  part 

the  direct  results  of  crustal  deformation,  and  are  con- 
*^*  "**  sequently  very  different  from  those  of  the  outer  Himalaya 

which  have  been  mainly  modelled  by  river  erosion. 

The  Siwalik  range  is  cut  across  by  the  great  rivers  of  the  Himalaya,  but  no  open 
mountain  valleys  have  been  developed  by  its  own  streams :  the  latter  are  mere  torrents, 
and  are  enclosed  by  precipitous  waUs.  Its  ridges  and  spurs  are  narrower,  more  sharply 
edged  and  more  inaccessible  than  those  of  the  outer  Himalaya. 

The  Siwalik  range  is  of  importance  because  of  its  proximity  to  populated  tracts, 
its  wonderful  continuity,  and  its  geological  interest,  but  from  the  point  of  view  of  mag- 
nitude it  cannot  be  compared  with  any  other  range  of  the  frontispiece  to  Part  I ; 
the  smallest  ranges  of  the  chart  are  the  Lesser  Himalaya  and  the  Siwalik,  and  of  these 
two  the  former  is  immensely  larger  than  the  latter.  { 

The  Lesser  Himalaya  ranges. 

The  Great  Himalaya  and  the  Siwalik  ranges  are  two  long  parallel  folds  of  the  earth's 
crust, — about  90  miles  apart  from  axis  to  axis  (charts  xiv  and  xv).  The  region  enclosed 
between  them  is  occupied  by  the  intricate  system  of  ranges  we  have  called  the  Lesser 
Himalaya  and  which  we  have  briefly  mentioned  on  page  75.  If  we  allow  for  the 
widths  of  the  Great  Himalayan  and  Siwalik  ranges  themselves,  the  zone  occupied  by 
the  Lesser  Himalaya  averages  perhaps  50  miles  in  width. 

The  contortions  of  the  strata  show  that  the  Lesser  Himalaya  region  has  every- 
where been  compressed  horizontally.     These  mountains  are  however  the  result  not 


•  A  Manual  of  the  Geology  of  India. 

f  Presidential  address  by  Colonel  Godwin-Austen  to  the  Geographical  Section    of  the   British  Association    for  the 
Advancement  of  Science,  1883. 

{  Objection  may  be  taken  to  the  occasional  use  that  has  been  made  of  the  plural  form  Siwaliks.  We  have  ourselv^es 
no  liking  for  it,  but  find  it  difficalt  to  avoid.  The  plural  form  is  undoubtedly  in  general  use  by  residents.  Similar  plural 
forms  are  applied  to  many  mountams,  such  as  the  AlpSy  AppenineSt  Pyrenees.  We  have  however  avoided  employing  the 
form  Himalayas  in  this  paper. 
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of  one  but  of  many  movements  of  the  crust  and  their  history  is  more  complex  than 
that  of  the  Siwaliks :  ranges  have  been  uplifted,  and  have  been  afterwards  forced  ta 
change  direction :  the  whole  region  has  been  subjected  to  successive  compressions,  and' 
the  general  wrinkling  process  is  probably  still  continuing. 

In  Kashmir  and  parts  of  Nepal,  where  outer  ranges  arc  distinct,  flat  alluviaT 
valleys  are  enclosed  behind  the  Lesser  Himalaya,  like  the  "  duns  "  of  the  Siwalik  and  like 
the  plains  of  Tibet,  but  in  Kumaun,  though  rivers  may  run  for  miles  parallel  to  the 
mountain  axes,  the  longitudinal  and  high  level  alluvial  valleys  are  absent. 

Cunningham  in  his  work  on  Ladak  writes :  ''  The  inferior  mountains  of  the  eastern 
"chain  generally  run  at  right  angles  to  its  axis,  whereas  those  of  the  western  chain 
"  are  mostly  disposed  in  subordinate  parallel  ranges."  We  do  not  think  that  this  view 
is  correct.  Cunningham  was  probably  borrowing  his  ideas  of  the  Nepal  Himalaya 
from  the  writings  of  Brian  Hodgson.  Though  the  inferior  mountains  of  Kumaun 
and  of  parts  of  Nepal  do  not  run  so  clearly  parallel  to  the  axis  of  the  great  chain,  as 
those  of  the  Pimjab,  yet  throughout  the  Lesser  Himalaya  the  governing  lines  are  parallel 
and  the  most  striking  characteristic  is  parallelism. 

If  we  attempt  to  analyse  the  Lesser  Himalayan  ranges,  we  find  that  they  can  be 
divided  into  two  classes :  (a)  those  that  branch  from  the  Great  Himalaya,  (6)  those 
that  are  separate  folds.  The  branch  ranges  of  the  first  class  run  obliquely  across- 
the  moimtain  area ;  the  separate  folds  of  the  second  class  follow  curvilinear  alignments 
parallel  to  the  great  range. 

The  great  range  bifurcates  generally  at  the  points  where  it  is  changing  its  align- 
ment, and  each  successive  branch  range  adopts  the  alignment,  which  the  trunk  range 
is  forsaking.  Having  traversed  the  mountain  area  obliquely  the  branches  slowly 
alter  their  direction  and  finally  rim  parallel  to  the  great  range. 

We  may  classify  the  seven  known  ranges  of  the  Lesser  Himalaya  as  follows : — 

the   Nag  Tibba, 
the  Dhauladhar, 
the  Pir  Panjal, 
the  North  Kashmir. 

These  four  ranges  are  oblique  and  are  separate  branches  of  the  great  range. 
The  three  outer  ranges,  which  may  or   may  not  be  different  sections  of  one  long: 
range,  are — 

the  Mahabarat, 
the  Mussooree. 
the  Rattan  Pir. 

The  Nag  THjha  range. 

The  most  easterly  oblique  range,  that  is  known  to  us,  branches  from  the  Great 
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Himalaya  near  Dhaulagiri  (figure  1 ,  chart  xvi)  and  runs  at  first  in  prolongation  of  the 
great  range's  alignment.  It  continues  in  a  straight  line  strongly  developed  across 
the  basin  of  the  Kamali  ;  it  passes  through  Almora,  Nag  Tibba  and  the  Chur,*  and 
conjoins  with  the  Dhauladhar  range  near  the  Bara  Bangahal  (chart  xvin).  For 
over  100  miles  in  Kumaun  this  range  is  without  a  break,  and  it  compels  the 
Alaknanda,  the  Pindar  and  the  Sarju  to  flow  parallel  to  it  along  its  northern  flank :  the 
Alaknanda  and  Pindar  rivers  combine  to  pierce  it  north  of  Hardwar,  and  the  Sarju 
combines  with  the  Kali  to  pierce  it  near  the  western  border  of  Nepal. 

Twenty -four  miles  west  of  Dhaulagiri  (26795  feet)   the  highest  peak  of    the  Nag 

Tibba  range  is  23750  feet :  at  52  miles  the  highest  peak  is  19875  feet,  at  70  miles  15000 

feet,  at  96  miles    12000   feet  ;t   south   of  the  Pindar  river  its  peaks  are  9000  feet. 

These  figures  indicate  how  the  branch  declines  in  height  on  separating  from  the 

trunk  range.J 

The  Dhauladhar  range. 

The  second  oblique  range  branches  from  the  great  range  near  Badrinath,  and 
runs  south  of  the  Baspa  tributary  of  the  Sutlej.  It  is  cut  in  two  by  the  Sutlej  at 
Ranipur  and  by  the  Beas  at  Larji ;  and  it  is  crossed  by  the  Ravi  south-west  of  Chamba. 
The  northern  flank  of  the  Dhauladhar  range  impinges  against  the  southern  flank  of  the 
Pir  Panjal  range  at  the  mountain  knot  of  Bara  Bangahal.  §  The  bifurcation  near 
Badrinath  is  illustrated  in  figure  3,  chart  xvi,  and  the  conjimction  of  flanks  at  the 
source  of  the  Ravi  in  chart  xviii. 

The  Pir  Panjal  range. 

The  third  oblique  range  leaves  the  great  range  at  the  Sutlej  (figure  4,  chart  xvi), 
and  forms  the  water-parting  between  the  Chenab  on  one  side  and  the  Beas  and  the  Ravi 
on  the  other.  It  bends  towards  the  Dhauladhar  range  near  the  source  of  the  Ravi,  and 
the  clash  between  their  flanks  has  created  the  mountain  knot  of  Bara  Bangahal  (chart , 
xvni).  The  Pir  Panjal  is  the  largest  of  all  the  Lesser  Himalayan  ranges,  and  even  at 
its  extremity  in  Kashmir  it  carries  many  peaks  exceeding  15000  feet.||  South  of  Lahaul 
a  considerable  area  rises  above  the  snow  Une  and  numerous  glaciers  exist :  south  of 
Kashmir  there  are  no  glaciers,  but  in  places  snow  lies  throughout  the  year. 

The  North  Kashmir  range. 

The  fourth  oblique  range  branches  from  the  great  Himalaya  near  the  Zoji  pass : 
it  constitutes  the  water-parting  between  the  Jhelum  and  Kishanganga,  the  latter  river 
draining  the  angle  formed  by  the  bifurcation.     Its  height  is  greatest  near   the  point  of 

*  The  GhuT  is  a  remarkable  double  peak  (11966  feet)  twenty-fiTe  miles  south-east  of  Simla.  It  is  composed  of  granite 
and  is  supported  by  seven  buttresses.  It  ezce«dB  in  height  by  1600  feet  all  points  within  thirty  miles  of  it  Though  so 
prominent  it  is  less  high  than  the  peaks  of  the  I'ir  Panjal  range.  In  1816  Captain  Hodgson  and  Lieutenant  Herbert  deter- 
mined the  difference  of  height  between  the  two  peaks  of  the  Chur  as  460  feet;  the  higher  peak  they  found  to  be  1}  miles 
north  of  the  lower.      Atlas  Sheet  No.  47. 

t  Between  latitude  29"*  lO'  and  29''  20',  and  longitude  82^  and  SI"*  30.' 

$  It  is  17776  feet  in  lonf^tudo  82''  SO',  15000  in  82''  lO',  12000  in  SI'*  30^,  and  9000  in  SO''  45.' 

I  Hap  of  Kiingra,  J  inch  ^  2  miles ;  Atlas  Sheat  No.  47. 

II  Map  of  Kashmir,  I  inoh  =  2  miles. 
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bifurcation,  one  of  its  peaks,  Haramukh'*'  (16890  feet),  reaching  above  the  snow-line,  but 
westwards  it  ramifies  and  declines.  For  the  first  100  miles  of  its  length  it  is  without 
a  gorge :  its  width  exceeds  30  miles. 

The  Mahxha/rai  range. 

West  of  the  Singalila  ridge  an  outer  parallel  range,  known  as  Mahabarat,  traverses 
the  basins  of  the  Kosi  and  Gandak ;  it  is  strongly  marked  and  continues  through  western 
NepaLf  Immediately  to  the  east  of  Singalila,  however,  no  such  range  is  visible,  all  the 
lesser  ranges  having  disappeared  from  the  basin  of  the  Tista.  Further  to  the  east  in 
Bhutan  trigonometncal  observations  have  disclosed  the  existence  of  an  outer  range 
in  latitude  21^. 

The  peaks  of  the  Mahabarat  range  vary  from  6000  to  8000  feet,  dwindling  near  the 
left  bank  of  the  Kosi  to  5000  feet ;  throughout  its  length  this  range,  though  serrated  like 
the  edge  of  a  saw,  offers  but  few  recognisable  points  to  trigonometrical  surveyors. 

« 

Tlie  Mussooree  range. 

Between  the  Ganges  and  Sutlej  there  is  an  outer  alignment  of  lulls,  of  which  Sirkanda 
(9080  feet),  Landour  (7464  feet),  Banog  (7433  feet),  Badraj  (7320  feet),  and  Kasauli 
(6322  feet)  form  prominent  points :  whether  this  is  a  remnant  of  a  more  southern 
range,  now  almost  extinct,  or  whether  it  originally  formed  a  flank  of  the  Nag  Tibba 
range,  10  miles  to  the  north,  we  are  imable  even  to  conjecture  :  nor  can  we  tell  at 
present,  whether  this  so-called  Mussooree  range  is  a  continuation  or  not  of  the  Maha- 
barat range  of  Nepal. 

The  line  of  mountains  we  have  called  the  Mussooree  range  has  barred  the  exit  of 
the  Ganges  from  the  mountains  and  has  forced  the  Bhagirathi,  the  Alaknanda,  and  the 
Navar  affluents  to  unite  in  rear  of  it :  the  junction  of  the  Tons  and  the  Jumna  is  also 
due  to  its  presence. 

The  Rattan  Pir. 

South  of  Kashmir  the  outermost  range  is  known  as  the  Rattan  Pfr.  This  range  may 
be  the  western  extremity  of  a  long  outer  range,  pressed  near  Kashmir  against  the  Pir 
Panjal  range,  or  it  may  be  an  old  flank  of  the  Pir  Panjal  range  itself  and  not  a  separate 
fold.     It  is  separated  from  the  Pir  Panjal  by  the  river  Punch. 

If  the  Lesser  Himalaya  had  consisted  of  the  oblique  ranges  only,  the  mountains 
might  have  terminated  in  the  plaios  of  India  as  diverging  and  diminishing  chains — 
increasing  in  number  and  decreasing  in  magnitude — ^like  the  Hindu  Kush  in  Afghanistan 
and  the  Kuen  Lim  in  China.  But  one  or  more  outer  ranges  seem  to  have  been  upheaved 
parallel  to  the  great  range  and  these  appear  to  have  pressed  back  the  oblique  ranges 
and  to  have  formed  a  curvilinear  wall  stretching  almost  unbroken  for  1600  miles  from 
the  Brahmaputra  to  the  Indus.  If  the  sea  were  now  to  flow  over  the  Indo-Gangetic 
plains,  the  Himalayan  coast  would  be  a  long  wall  without  capes  or  islands. 

*  The  trigonometarical  station  of  Haramnkh  is  16001  feet  high  and  one  mile  north-west  of  the  peak, 
t  We  can  trace  it  from  longitude  8©^,  latitude  27J°,  through  86®,  27f  *»  and  83*»,  28*»  to  SOJ**,  29^, 

a  2 
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If  we  examine  chart  xxni  of  Part  III,  or  the  drainage  charts  xxiv  to  xxxiv, 
we  find  that  the  river  basins  of  the  Nepal  Himalaya  are  disposed  symmetrically  with 
regard  to  the  ranges,  but  that  this  is  not  the  case  in  the  Punjab  Himalaya.  The  Hima- 
layan basins  of  the  Tista,  the  Kosi,  the  Gandak  and  the  Kamali  are  of  simple  and  sym- 
metrical shapes,  such  as  would  be  expected  to  result  from  rivers  flowing  down  from 
a  great  range.  But  the  basins  of  the  Sutlej,  the  Beas,  the  Ravi,  the  Chenab  and  the 
.  Jhelum  are  disposed  obliquely  with  regard  to  the  Himalayan  alignments :  the  axes  of 
these  basins  are  parallel  to  one  another  but  inclined  at  an  angle  to  the  line  of  snow 
peaks. 

The  symmetry  of  the  Nepalese  basins  is  due  to  the  fact  that  the  Lesser  Himalaya 
ranges  in  Nepal  are  mainly  parallel  to  the  great  range :  the  obliquity  of  the  Pimjab 
iasins  is  due  to  the  Lesser  Himalayan  ranges  in  the  Punjab  being  mainly  oblique. 
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THE  RANGES  OF  SOUTHERN  TIBET. 

The  three  principal  ranges  of  Southern  Tibet  are  the  Zaskar,  the  Ladak,  and  the 

Kailas. 

The  Zaskar  range. 

The  Zaskar  range  appears  to  bifurcate  from  the  great  Himalayan  range  near  Nampa 
(see  figure  2,  chart  xvi),  but  the  exact   position  of  the  bifurcation  is  not   known. 

The  Zaskar  range,  after  leaving  the  Great  Himalaya,  culminates  in  the  peak  of 
Kamet  (25447  feet) :  near  the  point  of  its  intersection  by  the  Sutlej  the  twin  peaks  of 
Leo  Pargial  (22210  feet)  rise  from  it,  and  in  the  basin  of  the  Spiti  river  it  carries  the 
peak  of  Shilla  (23050  feet).  Beyond  the  Indus-Spiti  water-parting  its  peaks  rise  to  20000 
feet,  but  further  to  the  north-west  they  do  not  exceed  18000  feet. 

Through  the  basin  of  the  Indus  the  Zaskar  range  can  be  traced  at  intervals  run- 
ning in  a  north-westerly  direction  parallel  to  the  Great 
*^    "*  '  Himalaya  :*  the  region  it  traverses  north-west  of  Spiti 

is,  however,  occupied  by  complex  ramifications  of  mountains,  apparently  branching 
in  many  directions,  and  there  does  not  seem  to  be  any  definite  continuous  axis  to  which 
all  the  ridges  belong.  In  some  places  the  Zaskar  fold  can  be  clearly  seen  :  in  others  there 
appear  to  be  two  or  more  close  parallel  folds.  The  continuity  of  the  range  as  drawn  in 
the  frontispiece  to  Part  I  has  not,  we  think,  been  demonstrated.^ 

Sir  Alexander  Cunningham  refers  to  the  Zaskar  range  in  his  work  on  Ladak,  and 
is  confident  from  personal  observation  of  its  continuity  :  "  It  extends,"  he  writes,  "  in 
''  one  imbroken  chain  through  the  districts  of  Chumurti,  Rukchu,  and  Zaskar  to  the 
^'junction  of  the  Zaskar  river,  which  rushes  dark  and  turbulent  through  a  vast  chasm  in 
"  the  mountains  where  human  foot  has  never  trod.  From  this  it  extends  to  the  junction 
^'of  the  Dras  river  with  the  Indus,  where  it  is  again  cut  through  by  the  Dras  river  at  a 
^*  narrow  gorge  called  the  Wolfs  Leap ;  but  beyond  this  point  it  stretches  in  one  unbroken 
^*  chain  to  the  great  southward  sweep  of  the  Indus." 

The  parallelism  of  the  upper  feeders  of  the  Kali,  in  the  beds  they  have  carved  out 

for  themselves  along  the  eastern  portion  of  the  Zaskar 
range,  suggests  the  possibility  of  the  surface  of  the  range 
having  been  originally  corrugated.  %  The  Dharma,  the  Lissar  and  the  Kali  itself 
rise  in  the  Zaskar  range  and  flow  in  long  parallel  troughs  of  the  crest-zone  at  five-mile 
intervals  :  their  courses  are  inclined  to  the  direction  of  the  range  as  though  they  are 
the  troughs  of  minor  folds  obliquely  superposed  upon  the  main  Zaskar  fold. 

*  SKeetH  5  and  6,  Punjab  map,  1  inchssS  miles. 

t  Colonel  Godwin- Aufiten  drew  three  parallel  ransee  where  we  have  drawn   the  single   Zaakar.  (?ee  Me/port,  British 
JLasoeiaiion  for  the  Advancement  of  Science,  1884.)    He  had  an  intimate  knowledge  of  the  geology  of  the  region, 

t  Atlas  sheet  66  N.  E. 
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If  we  eiamjne  oliart  xxni  of  Part  III,    or   the   d' 
we  find  that  the  river    basins  of  the  Nepal  Himalayn 
regard  to  the  ranges,   l)ut  that  this  is  not  the  case  in  I 
layan  basins  of  the  Tista,  the  Kosi,  the  Gandak  and  i 
metrical  shapes,  suob.    a.s  wonld  be  expected  to  rev 
a  great  range.    But   tlie  basins  of  the  Sntlej,  the  I' 
Jhelnm  are  disposed,  obliquely  with  regard  to  the  I 
these  basins  are  para.UeI  to  one  another  but  inclin. 
peaks. 

The  synunetry  of  the  Nepalese  basins  is  due  1 
ranges  in  Nepal  are  mainly  parallel  to  the  great  r,. 
.basins  is  due  to  tlie  Ijesser  Himalayan  ranges  in  tj. 
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.  as  far  as  Lake  Manasarowar,  the  Ladak  range  is  the  water-part- 

itra,  and  the  drainage  of  its  southern  slopes  passes  across  the  Great 

The  bend   in  the   water-parting   at  Chumalhari^  as  drawn  on 

w,  is  therefore  due  to  the  Nyang  river :  at  this  one  point  the  Great 

the  water-parting,  and  the  trough  to  the  north  of  it  drains  into  the 

i  ibet. 

:  oin  the  Nyang  basin  for  a  distance  of  200  miles,  the  Ladak  range  and 

jya  run  parallel  and  enclose  between  them  the  long   trough    of    the 

plains  of  Dingri,  and  of  Digur  Thanka  and  the  lake  of  Palgu,* 

1 1)6  bifurcation  of  the  Great  Himalayan  range  at  Dhaulagid  the  Ladak 

in  elevation,  and  the  trough  separating  it  from  the  Great  Himalaya 

iistinct. 

Karnali  basin   the  range  is  strongly  developed ;  it  culminates  south 

of     Manasarowar     in     Gurla    Mandhata.     Immediately 

range.  west  of  this  great  peak  the  continuation  of  the  range 

The    gap  here  is  more  difficult  to  explain  than  the  gorge  cut  by  the 

■  Ills  break  in  continuity  that  mainly  prevents  us  from  stating  definitely 

>](!  is  continuous.     To  give  a  single  name  to  one  long  range  is  advan- 

t  he  name  indicates  the  position  maintained  by  the  range  with  regard 

But    identity  of   name   implies    identity    of    origin,    and    whether 

(Is  through  Gurla  Mandhata  from  the  east  of  Tibet  to  the  west,  is  a 

lot  been  finally  decided.     The  apparent  break  near  Gurla  may  have 

riginal  structure ;    the    range  east  of  Gurla   may   be    overlapping 

:  or  a  portion  west  of  Gurla  may  have    subsided,   or  have   been 

pressures  ;  or  the  Ladak  range  and  the  range  +o  the    north    may 

pathetically    at    Manasarowar,    and    their    flanks    have     beeii 

j;ure  1,  chart    xxi)4    From  information  at  present   available 

t  to  give  one  name  to  the  whole  range  and  thereby   to  imply 

.  e   different  names  to  different    lengths  and  thereby  to  imply 

\hat  small  accidents  of  heterogeneity  or  of  resistance  in  the 
ik  the  uniformity  and  continuity  of  a  long  fold,  our  wonder 
.«  rn  Tibet,  subjected  as  they  have  been  to  ever  varying  cross 
i^  and  as  uniform  as  they  are. 

'lie  Ladak  range  runs  south  of  the  Brahmaputra,  and« 
except  at  Chumalhari,  forms  the  water-parting :  west  of 
Manasarowar  the  range  follows  the  Lidus,  and  its  rela- 
tions to  this  river  are  extraordinary.§   The  frontispiece  to 

1    inch  =:  4   miles.     Ryder's  map  of  southern  Tibet,  Geographical  Journal, 

•  ranges  is  called  a  oonj  unction :  it  is  however  a  clash  of  flaaks   only  aAd  not 
Me  chart  show  only  the  axes  of  the  ranges  and  give  no  idea  of  their  spans. 

^  miles. 
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Parti  shows  how  the  Indus  and  the  Ladak  range  are  intertwined:  for  the  first  ISO* 
miles  from  its  source  the  Indus  flows  along  the  trough  north  of  the  Ladak  range  and' 
parallel  to  the  range  :  near  Thangra,  north  of  Hanle,  it  bends  at  right  angles,  cuts  across 
the  range,  and  forsakes  the  trough  it  has  been  occupying.  It  now  flows  for  300  miles 
along  the  south  flank  of  the  Ladak  range,  and  then,  shortly  before  its  junction  with 
the  Shy  ok,  passes  back  across  the  range  to  its  original  side.  It  remains  on  the  north 
side  for  100  miles  and  then  cuts  across  the  range  for  the  third  time.* 

At  the  intersection  near  Hanle  the  range  is  strongly  developed,  and  that  it  is  cut 
through  there  can  be  little  doubt.     On  both  sides  of  the  river-gorge  the  core  of  the- 
range  is  found  to  be  of  granite,  and  the  alignment  is  found  to  be  the  same. 

The  troughs  on  either  side  of  the  Ladak  range  in  Ladak  are  comparatively  open  and' 
contain  but  small  impediments  to  the  flow  of  the  mighty  river :  the  behaviour  of  the- 
latter  in  cutting  constant  gorges  through  a  granite  range  in  preference  to  pursuing  a 
straight  and  simple  course  is  most  eccentric.  As  a  geographical  feature  it  is  unique.f 
We  can  only  suppose  that  the  Ladak  range  has  grown,  since  the  Indus  began  to  flow, 
and  that  like  a  tree  trunk  embraced  by  a  creeper,  it  has  in  its  expansions  had  grooves 
cut  across  it  by  the  river. 

But  little  is  known  of  the  Ladak  range  between  the  Sutlej  and  its  intersection  by 

the  Indus  near  Hanle  ;  nothing  is  known  of  it  east  of  longitude  91°,  or  west  of  longitude* 

74°. 

A  great  number  of  passes  cross  the  Ladak  range :  on  its  north-western  section 

^^  ^  ^  .  south  of  the  Indus  are  situated  the    Harpo  (16785  feet). 

Passes  over  the  Ladak  range.  r      \  n 

the  Burgi  (15697  feet),  the  Bunnuk.     Behind  Leh  are  the 
Lasirmou  (16900  feet),  and  the  Laowchi  or  Khardung  (17600  feet). 

Between  Leh  and  the  intersection  of  the  Ladak  range  near  Thangra  by  the  Indus 
the  principal  pass  is  the  Kay  (18250  feet).  Between  Hanle  and  Manasarowar  are  the 
Medosi  (17700  feet),  the  Boga  (19200  feet)  and  the  Ayi  (18700  feet) :  south  of  the  lake- 
Rakas  Tal  are  two  passes  over  the  Ladak  range,  height  17100  and  18200  feet  :  north 
of  Nepal  there  are  the  Photu  (15080  feet),  the  No  (16600  feet),  the  Taku,  the  Sheru* 
(17600  feet),  the  Kura  (17900  feet)  and  others.^ 

The  Marsemik,    Dumche,    and  Chang   passes  are  on  the  Kailas  and  not  on  the 

Ladak  range. 

The  Kailas  range. 

The  Kailas  range  runs  parallel  to  the  Ladak  range  fifty  miles  in  rear  of  it  (figure  1, 

chart  xxi).     Near   Manasarowar    it   contains  a  crowded  cluster   of   peaks,  several  of 

which  exceed  20000  feet,  and  the  highest  of  which  is  Kailas  (22028  feet).      Opposite  to  - 

*  In  the  frontispiece  of  Part  I  the  third  intersection  of  the  range  by  the  river  is  drawn  at  Bunji  near  the  great  knee- 
bend  of  the  Indus :  tne  continuity  of  the  range  has,  however,  not  been  proved.  It  is  clear  that  the  Indus  must  pass  some- 
where in  this  region  across  the  ranee  to  the  south,  but  it  is  not  certain  where  it  does  so.  The  return  passage  may  occur  a  • 
little  west  of  lonfl^itude  76^ :  if  that  be  the  case,  the  range  should  have  been  drawn  on  the  chart  nearer  to  the  Kailas  range, 
and  the  Zaskar  range  should  have  been  produced  across  the  Indus  at  the  point  on  the  chart  where  the  Ladak  range  crosses 
it. 

t  Compare,  however,  the  intersections  of  the  Zaskar  range  by  the  Spili  river.  On  chart  zzxi  of  Part  III  the  course 
of  the  Zaskar  range  can  be  traced  from  its  peaks  of  Shilla,  Leo  Pargial,  and  Kamet 

X  The  names  uf  passes  are  spelt  in  different  ways,  and  it  is  not   possible  to  say  which  are  the  correct  forms.    The 
Khafdung  pass  is  described  in  the  Marches  of  Hindustan  by  David  Fraser.     Rvder  crossed  the  Kura  Pass  in  1904,   vide- 
Qeogra^ical  Journal,  Vol  XXVI,  p.  383. 
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the  culmination  of  the  range  in  the  Kailas  peak,  the  Ladak  range  culminates  in* 
Gurla  Mandhata;  both  ranges  expand  at  this  point  and  their  flanks  come  into  con- 
junction. 

East  of  Manasarowar  the  Kailas  range  forms  generally  the  northern  rim  of  the 
Brahmaputra's  trough :  it  cannot,  however,  be  called  the  water-parting,  as  it  is  cut 
through  in  places  by  rivers  from  the  north. 

East  of  longitude  85°  the  Kailas  range  bifurcates*  (frontispiece  to  Part  I),  and 
A  V      ,.  ^     .1.  «-  M  ^or  nearly  150  miles  the  river  Rasa  (chart    xxx)    flows 

A  branch  from  the  Kailas  range.  *^  c      .  / 

along  the  trough  between  the  two  branches. 

Immediately  after  bifurcation  the  branch  range  is  crowned  by  a  cluster  of  peaks, 
many  of  which  were  foimd  by  Captain  Wood  to  exceed  20000  feet ;  peaks  of  18000  feet 
have  been  found  upon  it  as  far  east  as  its  intersection,  in  longitude  87°  45^  by  the 
main  stream  of  the  Brahmaputra :  its  height  diminishes  near  its  intersection  by  the 
Nyang  but  increases  again  to  18000  feet  further  east. 

The  branch  range  appears  to  conjoin  with  the  Ladak  range  near  Lake  Yamdrok : 
this  section  of  it  was  called  by  Ryder  the  Karo  La  range.f 

After  throwing  o£E  its  branch  the  main  Kailas  range  runs  eastwards  with  peaks 
/.   ^    ._  r  .t.  «- ..  of  20000  feet.      Trigonometrical  observations  show   that 

Continmty  of  the  Kailas  range.  ^ 

it  joins  with  a  range  of  Tibet,  known  as  the  Ninchin- 
thangla,  in  longitude  88°.  After  this  conjunction  the  Kailas  range  itself  continues  to 
trend  in  its  former  alignment  as  far  as  longitude  92°  and  possibly  further.  Nothing, 
is  known  of  the  Kailas  range  east  of  92°. 

Near  Manasarowar  the  Kailas  range  is  strongly  developed  and  the  ranges 
to  the  south  of  it  expand  here  in  sympathy.  Within  one  region  are  to  be  found  the  cul- 
minating peaks  of  four  difierent  ranges, — Kailas,  Gurla  Mandhata,  Kamet  and  Nanda 
Devi. 

From  Manasarowar  the  Kailas  range  can  be  traced  along  the  north  bank  of  the 
Lidus  as  far  as  the  Pangong  lakes.  In  longitude  80°  it  is  intersected  by  the  Singhgi^ 
the  eastern  branch  of  the  Indus. 

On  reaching  the  Pangong  lakes  it  appears  to  end  in  the  peak  of  Sajum  (20018  feet), 
.  .     <  .  ^.        ^    .^  but  further  west  it  can  be  traced  again,  and  then  forms 

A  break  in  the  continmty.  °       ' 

the  water-parting  between  the  Shyok  on  the  south  and 
the  Nubra  on  the  north :  the  alignment  from  Sajum  to  the  junction  of  the  Nubra 
and  Shyok  has  not  been  determined,  and  the  range  has  been  broken  on  the  frontis- 
piece to  Fart  I  to  denote  uncertainty.  :|;  It  is  possible  that  the  Kailas  range  has  clashed 
with  the  Ladak  west  of  Sajum  peak,  and  that  for  a  short  length  the   two  ranges    are 

^0 

*  The  Ladak  range  appears  to  bend  83rmpathetMally  opposite  to  the  bifaroation,  Sheete  22  N.  W.  and  22  N.  £., 
Kcrtbern  Frontier,  1  inch  =  4  milee.  This  part  of  Tibet  was  surveyed  by  Ryder  in  1904,  vide  Beport  on  «iinwy  opera- 
Hans  on  the  journey  from  Qyangtee  to  Simla  vtd  Gartok* 

t  North-Eastem  lYontier  Sheet  6  N.  £.,  1  inch  a  4  miles. 

X  North  of  Leh  the  KaUas  range  is  cleariy  marked.  Sheet  No.  6,  Pimjab  map.  1  inchssS  miles.  For  Sajum  peak,. 
see  map  uf  Torkistan,  1  inoh=32  n&es. 
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here  welded  together.  It  is  also  possible  that  vertical  subsidences  have  destroyed  the 
continuity  of  the  Kailas  near  Pangong. 

West  of  the  junction  of  the  Nubra  and  Shyok  the  Kailas  range  runs  parallel  to  its 
northern  neighbour  the  Karakoram ;  the  long  troughs  occupied  by  the  Biafo,  Hispar 
and  Chogo  Lungma  glaciers  lie  between  the  Kailas  and  Karakoram  ranges. 

Opposite  the  kneebend  of  the  Indus  near  Bunji  the  Kailas  range  is  crowned  by 
^  ,  ,   ^       ^ ,     .    ^  the  peak  of  Haramosh  (24270  feet).*    Within  nine  miles 

Culmination  and  termination.  ...  . 

of  its  intersection  by  the  Hunza  river  stands  Rakaposhi^ 
its  highest  peak,  and  it  is  near  this  point — the  point  of  intersection  and  of  supreme 
altitude — ^that  the  range  begins  to  change  its  direction.  After  a  long  course  from 
south-east  to  north-west  it  bends  through  a  wide  curve,  and  then  runs  from  north- 
east to  south-west,  declining  in  height  as  it  bends.  West  of  Rakaposhi,  however,  its 
alignment  is  very  difficult  to  trace  ;  in  this  region  the  range  has  been  so  cut  to  pieces 
by  feeders  of  the  Gilgit  and  Kunar  rivers,  that  its  present  appearance  resembles  a 
line  of  detached  pyramids  (chart  xxxiv). 

In  figure  2,  chart  xxi,  the  Kailas  range  has  been  extended  across  the  Kunar  river 
at  Chitral :  but  this  prolongation  is  only  suggested,  and  has  not  been  entered  upon  the 
frontispiece  of  Part  I. 


*  AtlsB  Sheeb  27  S.  E.,  1  inch  b  4  miles.    Northern  Transfrontier  Sheet    3  N.  £.,  1  inch  &=  4  miles.    Map  to  illus- 
trate Captain  Younghnsband's  explorations,  1  inch  s  16  miles. 
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THE  KARAKORAM  AND  THE  HINDU  KUSH. 

The  Karakoram.  . 

The  nomenclature  of  the  mountain  ranges  of  Asia  has  been  the  source  of  man3r 
difficulties.  The  applications  of  names  by  natives  are  vague  and  indefinite ;  and  a 
mountain  chain  may  even  be  designated  difEerently  in  neighbouring  villages.  In 
the  study  of  geography  the  employment  of  names  is  a  means  to  an  end,  and  we 
should  therefore  endeavour  to  introduce  as  simple  a  nomenclature  as  possible.  It  is^ 
not  necessary  to  retain  several  names  for  a  single  range ;  nor  is  it  advisable  to  abandon 
a  name,  after  it  has  been  for  many  years  in  common  use  upon  maps,  because  faults 
come  to  be  found  with  it. 

Moorcroft  was  the  first  western  geographer  to  apply  the  name  Karakoram 
to  the  great  range  of  mountains,  which  separates  the  Indus  and  Tarim  basins.  Moor- 
croft was  a  careful  observer,  and  he  learnt  the  name  from  natives  in  Tibet.  For 
60  years  the  name  Karakoram  was  employed  by  geographers,  and  throughout  the 
surveys  of  Kashmir  and  Baltistan  no  objections  to  it  were  raised  by  surveyors. 

Some  20  or  30  years  ago  the  alternative  name,  Muztagh,  was  introduced  and 
an  endeavour  was  made  to  displace  the  name  Karakoram.  There  was  nothing 
to  be  gained  by  the  change,  and  it  has  only  resulted  in  confusion.  By  some  writers 
and  map-makers  the  name  Karakoram  has  been  retained,  by  others  the  name 
Muztagh  has  been  accepted,  and  by  others  the  two  names  are  now  given  together. 

The  objection  raised  to  the  old  name  " Karakoram "  was  that  it  meant  "black 
'/  gravel/'  whereas  "  Muztagh  ' '  means  "  ice  mountain."  The  original  meaning  of  a  name 
has  nothing  to  do  with  its  suitability :  black  gravel  is  found  on  the  slopes  of  the 
Karakoram,  and  Moorcroft  relying  on  native  information  named  the  range  "black 
"  gravel." 

The  confusion  caused  by  the  introduction  of  the  name  Muztagh  should  be  a  warn- 
ing to  geographers  to  accept  accomplished  facts.  Now  that  the  name  Muztagh  has 
come  to  be  applied  on  modem  maps  to  the  Karakoram  range,  explorers  are  discover* 
ing  that  it  is  attached  to  every  snow  mountain  in  Chinese  Turkistan.  The  peak  Muz- 
tagh Ata  is  not  on  the  Karakoram  but  on  the  Kashgar  range :  Sven  Hedin  writes  of  the- 
Kashgar  range  as  the  Muztagh  range  :*  on  the  authority  of  a  village  headman 
Dr.  Stein  gives  the  name  Muztagh  to  a  peak  of  the  Kuen  Lun  ;t  Semenoff  called  the 
western  portion  of  the  Tian  Shan  "  the  Muztagh." 

Muztagh,  meaning  "  ice  mountain,"  is  in  fact  a  description,  not  a  name.  Colonel 
Wahab  writes,"  Muztaghs  are  as  common  all  over  Central  Asia  as  Safed  Kohs  on  our 
"  north-western  frontier.  The  name  Karakoram  is  quite  established  now  for  the  moun- 
"tain  range  separating  the  Indus  and  Zarafshan,   and  is  the  most  suitable." 

We  are  of  opinion  that  the  name  Muztagh  should  be  used  for  the  peak  Muztagh 
Ata,  but  not  as  an  alternative  for  the  name  Karakoram ;  the  latter  alone  should  in 
future  be  applied  to  the  mountain  range,  of  which  K^  is  the  highest  summit. 

•  Sven  Hedin  :  Throngh  Asia,  page  670. 
t  M.  A.  Steia  :  Sand-imHed  fuina  of  KhTfan, 
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The  Karakoram  and  Hindu  Kush  ranges  of  mountains  are  difEerent  sections  of 

the    same  crustal     fold.     The  fold    traverses     western 

Tibet   from    south-east     to   north-west,     curves    round 

through  Himza  and  Gilgit,  passes  north  of    Chitral,   and    enters    Afghanistan   in    a 

direction  from  north-east  to  south-west.*     The  eastern  portion  of  the  fold  is  known  as 

the  Karakoram  range,  the  western  portion  as  the  Hindu  Kush. 

The  range  does  not  change  its  name  at  any  particular  natural  feature ;  but,  as 
the  limits  of  application  of  the  two  names  require  to  be  settled  for  the  convenience 
of  geographers,  it  will  perhaps  be  well,  if  we  call  the  mountain  chain  in  Tibet  and 
Hunza  the  "  Karakoram,"  and  in  Gilgit,  Chitral  and  Afghanistan  the  **  Hindu  Kush." 
The  water-parting  between  the  Hunza  and  Gilgit  rivers  (charts  xx  and  xxxiv)  situated 
some  ten  miles  east  of  the  meridian  of  74°  will  then  form  the  dividing  line.f 

In  chart  xx  a  longitudinal  section  of    the  Karakoram  has  been  drawn  to  explain 

graphically  the  causes  of  the  gaps  in  the  range.  This 
section  has  been  made  to  follow  the  curved  alignment 
of  the  Karakoram  and  Hindu  Kush  ranges.  A  comparison  of  the  section  against 
the  groups  of  peaks,  described  in  Part  I,  will  show  how  the  range  is  divided  into 
blocks :  the  following  table  gives  both  the  continuous  lengths  of  range  that  carry 
peaks  higher  than  24000  feet,  and  the  intervening  gaps,  where  no  such  peaks  exist : — 

TABLE  XXVI. 


GBps  in  the  Karakoram  range. 


The  elevated  portions  of  the  range, 
carrying  peaks  of  24000  feet  and 
higher. 


The  depressions  of  the  range. 


Length  of  con-    Length  of  depres- 

tinuou3  crest-  ;      sions  in  orest- 

Eone  carrying  |    zone,  where  no 

peaks  exceeding     peaks  of  24000 

24000  feet.      :        feet  occur. 


No  peaks  of  24000  feet  have  been  discovered  on  the  Karakoram  east  of  the  Shyok  river. 

I      Miles 
5 
Passage  of  the  Nubra  river 


Shyok  Nubra  group  of  peaks 


Group  Xllt   . 

•  •  •  • 
Group  XIII j:. 

Karakoram  group  . 

•  •  •  • 
Kunjut  group 

•  •  •  • 
Hunza-Kunji  group 


Tirick  Mir  group 


Crest- zone  carries  no  great  peaks 

•  •         •         •         • 
Crest- zone  carries  no  great  peaks 

•  •         .         •         • 
Crest-zone  carries  no  great  peaks 

•  «  •  •  • 

Passage  of  the  Hunza  river 


iLong  depression  of  range  ^ 
containing  the  gorges  of  the  > 
Gilgit  and  Kunar  rivers     .    ) 


1 

•  •  • 
13 

•  •  • 

18 

•  •  < 

25 
16 


•  . 


26 


Miles. 

•  • 

12 

•  • 

35 

•  • 

22 

•  • 

60 

•  • 

22 

•  •  • 

140 


■  •  •  • 


There  are  no  peaks  of  24000  feet  west  of  the  Tirich  Mir  group. 


Aggregate  length  of  crest  carrying  great  peaks   . 
Aggregate  length  of  gaps  and  depressions 


104 


•  • 


291 


*  The  curvature  of  ita  course  is  sharper  than  that  of  the  great  Himalaya. 

f  Northern  Transfrontier,  Sheet  No.  2  :  1  inchsS  miles.  As  a  dividing  line  across  a  range,  a  river  would  be  more  dis- 
tinct than  a  water-parting.  But  water-partings  form  the  divisions  between  tribes  and  dialects  more  often  than  rivers,  and 
4ure  therefore  perhaps  the  more  suitable  divisions  in  nomenclature. 

I  Vide  page  40  of  Part  I. 
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The  Shyok,  Hunza,  Gilgit  and  Kunar  rivers  drain  the  trough  behind  the  Kara- 
ckoram  range ;  the  Nubra  river  rises  in  the  Karakoram,  the  glacier  at  its  source  having 
cut  a  notch  in  the  crest-zone. 

Though  the  number  of  great  peaks  is  less  on  the  Karakoram  than  on  the  Great 
Himalaya,  there  is  a  greater  length  of  high  range,  on  which  great  peaks  stand  without 
deep  intervening  depressions.  A  length  of  104  miles  of  the  Karakoram  crest  carries 
great  peaks  against  one  of  93  miles  of  the  Great  Himalaya.  The  Karakoram  rises 
as  it  leaves  Tibet,  culminates  in  K^,  and  then  slowly  declines :  its  crest  does  not  show 
the  surgings  of  the  Great  Himalaya. 

The  western  termination  of  the  Karakoram  is  the  Hindu  Kush,  but  of  its  eastern 

termination    we   know    nothing.*    The    peak    of   Aling 
Eastern  extension  of  the  Kara-    Kangri,  which  Stands  in  Tibet  near  the  eastern  source 

of  the  Indus,  has  been  supposed  to  mark  the  continuation 
of  the  Karakoram  fold,  but  chart  xx  illustrates  our  inability  to  draw  the  eastern 
section  of  the  range.  At  Pangong  and  Rudok,  between  the  known  eastern  extremity 
of  the  Karakoram  and  its  supposed  continuation  at  Aling  Kangri,  no  range  appears 
-to  exist,t  but  our  geographical  knowledge  of  this  region  is  very  imperfect. 

As  we  said  of  the  Kailas  range  when  referring  to  this  same  region,  a  portion  of 
the  Karakoram  may  have  subsided  vertically :  on  the  other  hand,  the  normal  height 
of  the  Karakoram  at  this  spot  may  not  be  above  17000  or  18000  feet,  in  which  case  it 
/would  be  now  projecting  only  1000  or  2000  feet  above  the  surface  of  the  high  level  allu- 
vial plains  of  Tibet  and  be  attracting  no  particular  attention  from  explorers. 

East  of  Aling  Kangri  a  great  range  was  observed  by  the  explorer  Nain  Singh. 
Be  left  Leh  in  July  1874,  and  travelled  due  east  from  Rudok  for  a  distance  of  more 
than  800  miles ;  an  almost  continuous  range  of  snow  mountains,  he  said,  trended  east- 
wards from  Aling  Kangri  (longitude  81^)  to  the  Ninchinthangla  peaks  (longitude 
90®  30')  (see  frontispiece  to  Part  I).^ 

Another  question  that  cannot  yet  be  answered   is — Are   there   two   Karakoram 

ranges  parallel  to  one  another?    There  are,   we^ 'shall 

The  possible  existence  of  a  second  •■  •■  «.  tt«     i        tt      i  /^        ^*      *  j 

Karakoram  range.  show  hereafter,  two  Hindu   Kush  ranges  (frontispiece  to 

Part  I),  and  we  have  not  been  able  to  discover  where 
the  northern  Hindu  Kush  range  terminates  towards  the  east. 

North-west  and  south-east  of  the  peak  K*  we  see  in  rear  of  the  Karakoram  range, 
and  at  a  constant  distance  from  it,  a  very  marked  water-parting  shown  on  maps,  which 
curves  back  from  the  Karakoram  axis  in  two  places  (see  areas  C  and  H  of  chart  xxxv). 
It  is  crossed  by  numerous  passes,  the  Shimshal  (14719  feet),  theKhunjerab  (16420  feet), 
the  Mintaka  (15430  feet),  the  Kilik  (15600  feet),  the  Karakoram  (18660  feet).§ 

What  is  this  water-parting  ?  Is  it  a  fold  of  the  Earth's  crust  ?  Is  it  an  easterly 
continuation  of  the  northern  Hindu  Kush  fold,  and  has  it  been  welded  by  pressure 

*  Map  of  Hundes  or  Nari  Khorsam,  1  inch  =  8  miles. 

JAooMS  to  Tibet  from  the  west  is  easy  at  this  point»  vide  Sir  Thomas  Holdich's  India. 
General  Seport,  G,  T.  Survey  of  India,  1874-75. 
S  The  two  Muztagh  passes,  the  western  of  which  was  crossed  by  Yomighusband,  are  on  the  great  Karakoram  range. 
Seight  of  western  Muztagh  pass  10029  feet,  Ferber's  aneroid  valae.  Geographical  Journal,  Vol.  XXX,  Deo.  1907,  p.  630. 
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into  the  Earakoram  at  E^  ?  These  are  questions  we  are  quite  unable  to  answer. 
No  second  Earakoram  range  has  been  shown  upon  the  frontispiece  to  Part  I ;  it& 
existence  as  a  separate  crustal  fold  is  conjectural,  and  it  would  be  unsafe  to  draw 
conclusions  as  to  structure  from  observations  of  drainage.  It  is  possible  that  the 
Earakoram  range  has  thrown  off  bifurcations,  and  that  these  have  complicated  the 
orography. 

Even  the  great  Earakoram  peaks  themselves  seem  to  follow  two  alignments. 
The  Masherbrum  peaks  and  peak  63  (table  v  of  Part  I)  surmount  a  ridge  parallel 
to  that  on  which  the  peaks  of  E^  and  Gasherbrum  stand,  and  at  a  distance  of  ten  miles 
from  it.  Of  the  Earakoram  peaks  north-east  of  E'  we  have  no  knowledge,  and  there 
is  no  more  likely  spot  than  this  for  great  undiscovered  peake  to  be  existing. 

Colonel  Montgomerie  gave  the  following  account  of  the  mountains  of  western 

Tibet,  of  which  the  Earakoram  is  the  backbone  :  "  From 


ompansons  wi      c    ps.  ^^  ^^^  point  in  the  Punjab  at  the  foot  of  the  Himalaya 

*'  it  takes  a  man  assisted  by  a  pony  sixty-six  days  to  cross  the  mountains ;  and  I  think 
"  that  even  if  a  man  tried  his  utmost  he  could  not  well  do  it  under  fifty-five  days ;  during 
"  that  distance  the  road  is  for  twenty-five  marches  never  under  an  elevation  of  1600O 
feet,  and  during  forty-five  marches  never  descends  below  9000  feet." 

The  Alps,  I  suppose,  would  take,  at  the  outside,  three  days  for  a  man  to  cross, 
and  I  believe  that  a  gopd  walker  can  cross  from  a  village  on  one  side  to  a  village  on 
**  the  other  in  one  simmier's  day.  The  Munshi  took  twenty -five  days  to  march  from 
**  the  last  village  south  of  the  Earakoram  to  the  first  village  north  of  the  Earakoram." 
"  In  no  parts  of  the  Alps,"  writes  Sir  Martin  Conway,  "  is  there  anything  Uke  the 
'^  amount  of  rock  ruin,  even  in  proportion  to  the  size  of  the  mountains,  that  one  finds 
"in  these  dry  districts  of  the  Earakoram."* 

The  Earakoram  is  a  more  arid  and  less  wooded  region  than  the  Himalaya ;  its 
topographical  features  are  consequently  different.  Rain-water  runs  off  more  rapidly, 
less  sinks  below  the  surface,  and  the  rocks  are  not  protected  to  the  same  extent  against 
variations  of  temperature  by  a  mantle  of  verdure. 

The  Hindu  Kush. 

Humboldt  believed  that  the  Hindu  Eush  range  was  a  continuation  of  the  Euen 
Lun,t  and  an  examination  of  the  frontispiece  to  Part  I  shows  how  natural  such  a  sup- 
position was.  Even  now  we  cannot  draw  the  crustal  folds  of  the  Pamir  plateau  or 
of  the  region  to  its  south-east. 

Trigonometrical  observations  and  topographical  surveys  have  shown  that  the 
Hindu  Eush  consists  of  two  distinct  parallel  ranges.  :|;  The  highest  peaks  and  the 
deepest  gorges  are  found  on  the  southern  range,  and  smaller  variations  of  relief  on 
the  northern. 

*  W.  K.  Conway :  Climbing  in  the  Himalaya$a  1894. 
t  Am  Von  Humboldt :    Cosmos,  Vol  II,  page  154» 

*  HolcUoh'0  India,  paf{e  84. 
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The  northern  Hindu  Kush  range  bears  the  same  relation  to  the  southern,  as  the 
of    the   Hindu    Kush    ^^^*^  range  does  to  the  Great  Himalaya  in  Nepal :  that 


^^««^-  is  to  say,  the  northern  is  the  primary  water-parting,  and 

its  drainage  escapes  through  the  gorges  of  the  loftier  southern  range. 

The  Hunza  river  rises  beyond  the  southern  range  and  cuts  through  it.  Simi- 
larly the  Gilgit  river  drains  the  trough  between  the  two  Hindu  Kush  ranges  for 
40  miles  and  escapes  through  the  southern  range ;  the  crests  of  the  two  ranges  are 
13  miles  apart  in  the  basin  of  the  Gilgit.  The  Kunar  river  drains  the  interior  of  the 
trough  for  over  60  miles  and  pierces  the  southern  Hindu  Kush  range  at  the  Ishpirin 
defile.*  The  Panjshir  river  drains  a  great  length  of  the  trough  and  passes  through 
the  southern  range  to  the  Indus.t 

West  of  the  peaks  of  Tirich  Mir  a  portion  of  the  trough  appears  to  belong  to  the 
system  of  the  Ozus,  and  still  further  west  is  a  second  and  similar  alternation  of  the 
drainage. t    (Chart  xx:  figure  2  of  chart  xxi :  chart  xxxv.) 

The  frontispiece  of  Part  I  and  the  section  in  chart  xx  show  that  the  southern  Hindu 

Kush  range  is  a  western   extension   of   the  Karakoram 

Continuity  of  the  Hindu  Kush.  x  u  *         j  r^o  j      -j    j     x  .i 

fold,:]:  and  on  page  98  we  decided  to  assume  the 
water-parting  between  the  Himza  and  Gilgit  rivers  as  the  boundary  mark  between  the 
two  names. 

For  a  distance  of  140  miles,  from  the  Hunza-Gilgit  water-parting  to  the  peaks   of 
Tirich  Mir,  the  Hindu  Kush  rises  to  no  great  altitude,  and  the  original   alignment 
•  can  in  places   be  only  traced  by  the  presence  of   huge  pyramidal  masses  20000  feet 
high,  which  have  been  carved  out  of  the  range. 

North  from  Tirich  Mir  a  perpendicular  buttress  projects  from  the  Hindu  Kush 

and  deflects  the  Oxus  to  the  north :  it   resembles   the 
The  Tirich  Mir  buttress.  buttress  of  Kamct  (page    92),  and  in    the  same  way 

as  the  latter  issues  from  the  culminating  point  of  the  Zaskar  range,  so  does  the  former 
protrude  from  the  Hindu  Kush  at  the  place  of  its  greatest  vertical  expansion.  The 
association  of  a  giant  peak  surpassing  all  its  neighbours  with  a  perpendicular  ridge 
seems  to  indicate  that  the  crust  of  the  region  has  been  subjected  to  extraordinary  cross- 
pressures. 

It  will  be  seen  that  the  drawing  in  figure  2  of  chart  xxi  does    not  reproduce  the 

representations  of  the   frontispiece  to  Part  I ;   the   diver- 
The  dash  of  ranges  at  Tirich  Mir.       gence  hclps  to  illustrate  the  Uncertainties  surrounding 

the  orographical  problem.  In  the  frontispiece  of  Part  I 
we  have  shown  the  two  parallel  Hindu  Kush  ranges  extending  westwards  from  longi- 
tude 74°  and  forming  the  basins  of  the  Panjshir  and  of  the  Hari  Rud :  the  range 
pierced  by  the  Kunar  river  at  Chitral  is,  in  this  chart,  the  southern  Hindu  Kush. 
In  figure  2  of  chart  xxi  we  have  suggested  an  alternative  solution,  and   have  made 

*  Northern  Transfrontier  Sheet  No.  2,  I  inch  >■  8  miles, 
-f  North-west  Transfrontier  Sheets  Nos.  26,  27»  1  inch  >■  8  miles. 

I  Cnart  zz  illustrates  the  Routhem  range  only.     On  this  chart  the  Kunar  river  has  been  wrongly  called  the   32:arKDun> 
which  is  a  local  name  for  one  section  of  the  river. 
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the  two  Hindu  Kush  ranges  conjoin  near  the  mass  of  Tirich  Mir,  and  continue  there- 
after as  one  range.  According  to  chart  xxi  the  range  pierced  by  the  Kunar  river 
near  Chitral  and  the  range  forming  the  southern  limit  of  the  long  trough  drained  by  the 
Pan]  shir  river  are  extensions  of  the  great  Kailas  fold,  a  further  extension  of  which 
then  becomes  the  southern  rim  of  the  basin  of  the  Hari  Rud.* 

Westwards  from  Tirich  Mir  the  Hindu  Kush  continually  throws  off  minor  branches 
and  declines  in  height :  in  longitude  68 J°  its  peaks  rise  above  16000  feet,  in  66^ 
they  rise  to  12000,  in  63°  they  hardly  reach  10000. 

It  is  not  known  whether  the  water-parting  between  the  Indus  and  the  Helmand 
(longitude  68j^°)  is  a  structural  bifurcation  from  the  Hindu  Kush  or  whether  it  is  a 
ridge  carved  by  rain :  its  elevation  rapidly  diminishes  as  it  extends  southwards  from^ 
the  Hindu  Kush. 

The  beds  of  the  great  rivers  that  pierce  the  southern   Hindu  Kush  range,  pro- 
vide   thoroughfares,    and   the   number  of   well-known 

Passes  over  the  Hindu  Kush.  passes  ovcr  this  range  is  consequently  not  large.     The 

Darkot  (15000  feet)  is  perhaps  the  most  important ;  it 
crosses  the  range  opposite  to  the  Baroghil  (12460  feet)  and  Shawitakh  (12560  feet)  passes 
of  the  northern  Hindu  Kush. 

The  northern  Hindu  Kush  is  pierced  by  a  few  torrential  streams,  but  by  no  great 
river.  It  is  crossed  by  an  extraordinary  number  of  passes :  west  of  longitude  67° 
there  are  the  Sharak  Kushta,  the  Barkak  and  several  others  between  10000  and  11000^ 
feet.  Further  east  there  are  the  Irak  (13500  feet),  the  Chahardar  (13900  feet),  crossed  by 
the  Afghan  Boundary  Commission  in  1886,  the  Kaoshan  (14340  feet),  crossed  by  Alex- 
anderthe  Great,  and  the  Khawak  (11640  feet),  a  great  trade  route.f  In  the  Tirich 
Mir  region  there  are  the  Dorah  (14800  feet),  the  Agram  (16630  feet),  the  Nuksan 
(16050  feet),  the  Khatinza  (17500  feet)  and  the  Sad  Ishtragh  (17450  feet).  Between 
the  last  named  and  the  Kilik  pass,  near  the  trij unction  of  the  basins  of  the  Indus,^ 
Oxus  and  Tarim,  there  are  numerous  passes  which  average  in  height  about  16000  feet,, 
two  of  them  however  being  low,  namely,  the  Baroghil  (12460  feet)  and  the  Shawitakh 
(12560  feet).  These  lists  do  not  pretend  to  be  complete ;  a  few  names  only  have  been 
mentioned  to  indicate  the  general  elevation  of  the  lowest  notches  in  the  Hindu  Kush, 

*  Map  of  Afghanistan,  1  inoh  ■■  16  miles, 
t  Holdich'fl  India,  pa^e  85. 
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THE  RANGES  OF  NORTHERN  TIBET  AND  TURKISTAN. 

The  Aghily  the  Kuen  Lun  and  the  Altyn  Tagh. 

But  little  is  known  of  the  Aghil  range ;  it  was  discovered  by  Sir  Francis  Young- 
husband,  and  a  few  of  its  peaks  have  been  observed  by 
surveyors;  but  its  length  and  direction  have  not  been 
determined.  The  position  given  to  it  on  the  frontispiece  to  Part  I  and  its  junction 
with  the  Sarikol  range  are  conjectural.  The  peaks  observed  between  the  Kuen  Lun  and 
Karakoram  ranges  along  the  upper  courses  of  the  Yarkand  river  appear  to  be 
scattered  rather  than  aligned,  and  the  region  seems  to  resemble  in  complexity  that 
between  the  Indus  and  Kunar  rivers. 

It  may  be  that  the  Kuen  Lun,  Aghil  and  Karakoram  folds  have  been  pressed 
against  one  another ;  all  the  ranges  of  Tibet  tend  to  converge  at  the  north-western  comer 
of  the  plateau,  as  though  they  were  trying  to  escape  through  the  neck  of  a  bottle ;  once 
having  passed  the  neck  they  separate  again,  but  during  the  passage  they  appear  to 
suffer  from  extreme  compression. 

The  Kuen  Lun  range  runs  in  an  east  and  west  direction  through  northern  Tibet  {vide 

frontispiece  to  Part  I) ;  bs  far  as  we  know,  there  are  in  the 
Kuen  Lun  no  outer  and  lower  parallel  ranges  as  there  are 
in  the  Himalaya,  and  from  longitude  76°  to  83°  the  Kuen  Lun  may  be  described 
as  the  northern  border  range  of  the  Tibet  mass.  It  is,  however,  only  west  of  longitude 
83°  that  the  Kuen  Lun  faces  the  Tarim  desert :  east  of  this  its  branch,  the  Altyn  Tagh , 
becomes  the  border  range.* 

The  absence  of  outer  and  lower  ranges  has  an  effect  upon  the  drainage :  there  are  in 
the  Kuen  Lun  no  long  valleys  like  the  Dehra  Dun,  and  rivers  instead  of  converging,  like 
those  of  the  Himalaya,  inside  the  mountains  flow  more  directly  down  from  the  snows,  and 
enter  upon  the  plains  in  greater  numbers  and  with  smaller  volumes.  South  of  Khotan 
and  Kiria  the  rivers  issue  from  the  Kuen  Lun  at  intervals  of  20  miles ;  on  the  Himalayan 
side  the  average  interval  exceeds  50  miles. 

From  the  snows  to  the  plains  of  India  the  Himalaya  are  80  or  90  miles  broad ; 
from  their  crest  to  the  plains  of  Tarim  the  Kuen  Lun  are  40  or  60  miles  broad. 

The  portions  of  the  Kuen  Lun  drained  by  the  Yarkand  and  Karakash  rivers  are 
known  as  the  western  Kuen  Lun,  the  remaining  lengths  as  the  eastern.  Many  trigono- 
metrical observations  of  peaks  have  been  made  in  the  western  Kuen  Lun,  but  our 
knowledge  of  the  eastern  range  is  confined  to  that  gained  by  explorers,  among  whom 
Prejevalsky  and  Sven  Hedin  are  pre-eminent.*  East  of  longitude  86°  the  Kuen  Lun 
is  known  as  the  Arka  Tagh. 

*  For  map,  see  Holdich's  Tibet  the  Mysterioua*  In  the  frontiBpiece  chart  of  Part  I  the  axis  of  the  central  Kaen 
Lun  has  been  drawn  too  far  north.  In  longitude  84*  the  axis  should  hayo  been  placed  in  latitude  30.*  Chsrt  XXXV 
repeats  this  mistaho.    Qiart  YTTTT  js  oozrect. 
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The  north-eastern  portion  of  Tibet  consists  of  the  high  level  plains  and  basin  of  Tsai- 

dam,  which  are  bounded  on  the  south  by  the  Kuen  Lun, 
The  Aityn  Tagh.  ^^  ^^^  north-west  by  the  Altyn  Tagh,  and  on  the  north- 

•east  by  the  Koko  Nor  range.  The  Altyn  Tagh  was  discovered  by  Prejevalsky ;  it  is  a 
precipitous  range,  and  portions  of  it  rise  above  the  line  of  perpetual  snow.  The  easterly 
prolongation  of  the  Altyn  Tagh  is  the  great  range  of  Nanshan,  considerable  lengths 
of  which  rise  also  above  the  snow-line.  The  principal  peaks  of  the  Altyn  Tagh  are 
Anambarula,  Amuninoku,  and  Koukye,  all  of  which  probably  surpass  19000  feet  in 
height.  Both  the  Altyn  Tagh  and  its  continuation  the  Nanshan  appear  to  be  wide 
folds  with  minor  corrugations  superposed.  The  Koko  Nor  range  of  Tsaidam  is 
parallel  to  the  Nanshan,  and  the  trough  between  them  is  over  300  miles  long,  the 
lake  of  Koko  Nor  being  situated  at  its  eastern  extremity. 

As  the  Kuen  Lun  passes  from  Tibet  eastwards  into  China,  it  loses  the  form  ot  a  great 

continuous  fold  and  breaks  up  into  minor  ramifications,  as 
Easterly  tennination  of  the   Kuen    the  Hindu  Kush  does  in  Afghanistan.    There  is  however 

this  difference,  that  whereas  the  Hindu  Kush  does  not 
split  up  into  secondary  folds,  until  it  has  emerged  from  the  high  plateau  and  descended  to 
lower  levels,  the  Kuen  Lun  begins  to  throw  off  its  branches  before  it  has  left  Tibet. 
Eastern  Tibet  is  very  intricate,  no  surveys  have  been  made,  and  it  is  not  possible  at 
present  to  analyse  the  mountains  from  existing  data,  or  to  determine  the  relations  of 
the  Kuen  Lun  to  the  numerous  ranges  that  traverse  western  China  between 
the  Hoang  Ho  and  Yangtze  rivers. 

From  Prejevalsky's  descriptions  the  Kuen  Lim  appears  to  bifurcate  at  its  eastern 
extremity  into  two  ranges,  the  Burkhan  Buddha  and  the  Shuga.* 

"  The  Burkhan  Buddha,"  he  wrote,  "  is  a  distinct  range  more  particularly  on  the 
**  north,  where  it  rises  boldly  from  the  perfectly  level  plains  of  Tsaidam  :  it  has  no  very 
"conspicuous  peaks,  but  extends   in  one  unbroken  chain.'* 

"  The  ground  gradually  rises  to  another  range  the  Shuga,  lying  parallel  with  the 
"Burkhan  Buddha  and  terminating  as  abruptly  on  the  west,  where  it  abuts  on  the 
*'  Tsaidam  plains.f  About  70  miles  to  the  south  of  the  Shuga  range  rises  a  third 
"  chain  of  mountains  called  by  the  Mongols  Baian  Kara  Ula :  they  are  situated  on  the 
"left  bank  of  the  head  waters  of  the  Blue  river,  called  by  the  Mongols  Murui-ussu,  and 
"  form  the  watershed  between  its  basin  and  that  of  the  sources  of  the  Hoang  Ho." 

"  Between  the  Shuga  and  Baian  Kara  Ula  chains  lies  a  terrible  desert  14500  feet 
"  above  the  level  of  the  sea."  J 

The  Baian  Kara  Ula  range  is  an  eastern  extension  of  the  Kokoshili  range  of  Tibet, 
which  will  be  described  subsequently. 

The  Kuen  Lun  does  not  form  the  water-parting  between  the  Hoang  Ho  and  Yangtze. 
'The  most  westerly  source  of  the  Hoang  Ho  is  in  the  interior  of  Tibet  and  south  of  the 


♦  N.  Prejevalsky:  Mongolia^  VoL  II,  page  17ff. 
t  Idem,  page  178. 
X  IderHf  page  180. 
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Kuen  Lun ;  a  feeder  of  the  Yangtze  drains  the  southern  slopes  of  the  KuenLiin  west  of 

theHoang  Ho's  source.* 

The  Kashgar  and  Harikol  ranges. 

The  Kashgar  and  Sarikol  ranges  are  two  parallel  mountain  chains  that  form  the 
The  Kash  ar  raiure  eastem  flank  of  the  Pamir  plateau,  and  that  trend  from 

south -south-east    to    north-north-west    (frontispiece     to- 
Part  I).     The  more  easterly  of  the  two  is  the  Kashgar  range,  called  by  Humboldt  the 
Bolor  and  by  Hayward  the  Eozil-Art.     It  rises  like  a  wall  from  the  Tarim  deserts,   and 
is  surmounted  by  glaciers  and  snow-clad  peaks. 

The  Kashgar  range  is  shown  on  the  chart  as  a  direct  continuation  of  the  Kuen  Lun 
on  the  high  authority  of  Stoliczka,  but  its  connection  with  the  Tian  Shan  is  not  imder- 
stood  (chart  xvii). 

North  of  the  Kungur  peaks  (table  iv,  Part  I),  the  Kashgar  range  appears  to  bend 
towards  the  north-west ;  at  its  bend  it  bifurcates,  and  throws  out  a  branch  range  on 
the  convex  side  of  the  bend.  The  Gaz  river  cuts  through  the  range  at  the  bifurcation 
a  few  miles  north  of  Kungur.  From  its  crest  to  its  easternmost  flank,  where  its 
further  continuation  is  buried  under  sand,  the  Kashgar  range  is  60  miles  wide.t 

The  Sankol  range,  running  parallel  to  the  Kashgar  on  the  west  and  at  a  distance  of 

30  or  40  miles  from  the  latter,  is  the  lower  range  of  the 

The  Sarikol  range. 

two,  and  its  peaks  do  not  reach  20000  feet.  Nevertheless 
it  is  a  primary  water-parting  of  Asia,  its  western  slopes  draining  into  the  Oxus  and 
sea  of  Aral,  its  eastem  into  the  Tarim  river  and  lagoons  of  Lob  Nor.  The  Sarikol 
range  separates  the  Taghdumbash  Pamir  from  the  Little  Pamir,  and  is  crossed  by 
the  Nezatash  (14915  feet),  the  Uzbel  (15200  feet),  and  other  passes. 

The  connection  between  the  Sarikol  and  Aghil  ranges  is  conjectural  (frontispiece 
to  Part  I). 

The  trough  enclosed  between  the  Kashgar  and  Sarikol  ranges  is  known  as  the  Sarikol ! 
valley;  it  extends  from  the  Taghdumbash  Pamir  to  the  little  Kara  Kul  lake. 
**  The  valley  of  Sarikol,"  writes  Sven  Hedin,  **  is  a  gigantic  trench  piercing  to  the 
'*  heart  of  the  stupendous  Pamir  plateau."  The  plains  of  the  Taghdumbash  Pamir  form 
a  southern  continuation  of  the  Sarikol  valley ;  and  the  plains  of  Tashkurgan  and  of 
Tagharma  are  in  the  valley  itself. 

The  Tashkurgan  river  drains  the  Taghdumbash  Pamir  and  the  northern  slopes  of 
the  Hindu  Kush,  and  passes  into  the  Sarikol  valley  :  in  the  valley  it  bends  at  right  angles 
and  piercing  the  Kashgar  range  escapes  through  a  precipitous  gorge  to  the  plains  of 
Tarim.  The  northern  portion  of  the  trough  between  the  Sarikol  and  Kashgar  ranges  is 
drained  by  the  Ulu- Art  and  Ikebel-su  rivers,  which  unite  and  force  a  passage  through 
the  Kashgar  range  at  the  Gaz  defile. 

The  Kashgar  and  Sarikol  ranges  thus  constitute  a  system  similar  to  that  of  the 
Hindu  Kush  and  to  that  of  the  Great  Himalaya.    The  Great  Himalaya  is  higher  than 

*  On  chart  xyu  the  name  of    the  Chinese  river   was  spelt  Huang  ;  the    new  edition  of  the  Imperial  Gazetteer  - 
Jipella  it  Hoang  Ho. 

t  Map  to  iUuatrate  Younghusband's  exp1oratiou0»  1  inch » 16  miles. 
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the  Ladak  range,  but  the  latter  is  the  water-parting,  and  its  drainage  cuts  across  the 
former  through  deep  gorges.  The  same  phenomenon  is  witnessed  in  the  Hindu  Kush ; 
the  southern  range  is  the  higher  but  the  northern  is  as  a  rule  the  water-parting.  Now 
again  we  see  the    Kashgar  range   higher  than  the  Sarikol  and  yet  pierced   by  the 

drainage  of  the  latter. 

The  chart  xvii   was    drawn  primarily  to  illustrate  the  apparent  clash  of  the 

Great  Himalayan  alignment  with  the  Hindu  Kush  on  the 
The  northern  termination  of  the    ^orth-west  and  with  the  Arakau  ranges  on   the  east,  but 

KasDgar  range.  ^ 

it  has  been  made  to  include  the  clash  of  the  Kashgar  and 
Tian  Shan  ranges.  East  of  the  Brahmaputra  we  find  the  Great  Himalaya 
trending  perpendicularly  to  the  Arakan  chains ;  at  the  Indus  we  see  the  same 
giant  range  advancing  at  right  angles  to  the  Hindu  Kush.  And  now  to  the  north  we  have 
the  Kashgar  range  running  perpendicular  to  the  Tian  Shan.  Just  as  we  ask  ourselves 
what  has  become  of  the  Himalaya  beyond  the  Brahmaputra  and  the  Indus,  so  are  we 
unable  in  Turkistan  to  decide  how  the  Kashgar  range  has  ended.  The  forces,  that  create 
ranges,  are  so  powerful  compared  with  those  that  are  available  for  our  experiments,  that 
we  cannot  calculate  the  probable  results  of  their  action  even  under  given  conditions. 
What  would  now  be  the  effect  on  the  Himalaya  if  the  earth's  crust  were  compressed 
between  Afghanistan  and  China,  and  if  wrinkles  like  the  Hindu  Kush  and  the  Arakan 
mountains  began  to  advance  from  the  west  and  the  east  against  the  ends  of  the 
established  range  ?  Would  the  axis  of  the  latter  be  crumpled  in  plan  into  horizontal 
sinuosities,  or  would  it  be  forced  into  an  uniform  curve,  or  would  its  ends  be  bent  and 
crushed  ?     These  are  questions  we  are  unable  to  answer. 

The  Tian  Shcm  rcmges* 

The  Tian  Shan  mountains  are  a  complex  system  of  ranges.  They  appear  to  be  a  broad 
crustal  fold,  the  surface  of  which  has  been  wrinkled  into  minor  folds  by  forces  acting 
from  different  directions.  Severtsoff  writes  of  the  Tian  Shan  as  "a  system  of 
"  intersectional  ranges :"  the  predominant  ranges,  he  thinks,  trend  from  east-north-east 
to  west-south-west.f 

Prince  Kropotkin  writes,  that  the  two  main  directions  of  mountains  in  the  Tian 
Shan  are,  firstly,  from  south-west  to   north-east,   and,   secondly,    from   south-east  to 

north- west  4 

The  axial  line  of  the  Karakoram  range  has  been  shown  to  trend  from  south-east  to 
north-west  and  to  bend  round  into  the  Hindu  Kush,  which  runs  from  north-east  to  south- 
west. A  remarkable  parallelism,  therefore,  exists  between  ranges  situated  north  and 
south  of  the  moimtain  knot,  known  in  geography  as  the  Pamir  plateau. 

Of  the  Tian  Shan  ranges  that  run  from  south-east  to  north-west  the  Kugart  range  is 
perhaps  the  best  known  :  of  the  ranges  that  run  from  south-west  to  north-east  there  are 

*   Vide  Tian  Shan  plateau,  page  68  of  tlua  paper, 
t  Journal,  Bayal  Qeographical  Society^  Vol.  XL,  1870. 
}  Geographical  Joum<d,  Vol  XXIIJ,  1904. 
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OSS  th  '^^^  ^^^  ^^^  ^^^  Trans  Alai,  as  shown  on  the  frontispiece  to  Part  I,  and  then  south  of 

£q3]i  Issik  Kul  there  are  the  Terek  range  on  the  north,  the  Koktan  in  the  centre,  and  the 

\q^  Artush  bordering  the  Kashgar  plains.     The  great  lake  of   Issik  Kul  (height  5300  feet) 

)^  ^lj^  lies  north  of  the  Terek  range  and  is  itself  bounded  on  the  north  by  the   two  granite 

ranges  of  Alatau. 

At  one  time  it  was  believed  that  no  sedimentary  rocks  existed  in  the  Tian  Shan,  but 
Semenofi  showed  that  this  idea  was  incorrect,  and  now  Merzbacher  writes,  that  the  most 
elevated  region  of  the  Tian  Shan  is  built  up  exclusively  of  sedimentary  rocks. 

The  great  peak  of  the  Tian  Shan  is  Tengri  Khan  (23600  feet,  vide  table  vi  of 
Part  I) ;  the  height  of  its  summit  surpasses  all  other  peaks  of  the  region  by  3000  feet.* 
Many  of  the  crests  of  the  Tian  Shan  are  above  the  line  of  perpetual  snow,  and  it  is 
probable  that  several  peaks  of  20000  feet  exist  on  the  central  ranges.   The  outer  ranges 

do  not  carry  peaks  above  16000  feet. 

The  outer  ranges  of  the  Himalaya  enclose  longitudinal  valleys  known  as  **  duns," 
„        , ,  but  such  valleys  are  not  found  in  the  Kuen  Lun.     On  the 

southern  flank  of  the  Tian  Shan  they  occur  in  places.   "  A 
**  peculiar  feature,"  wrote  Stoliczka,  "  in  this  part  of  these  hills  consists  in  the  occurrence 
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of  extensive  plains,  to  which  the  name  *  jilga '  is  generally  applied.  It  means  origi- 
^*  nally,  I  think,  merely  a  water-course,  and  on  a  large  scale  these  plains  may  be  looked 
**upon  as  water-courses  of  former  water-sheets.  They  occur  at  the  base  of  the 
"  high  range,  and  in  some  respects  resemble  the  *  duns  '  of  the  southern  slopes  of  the 
''  EQmalaya.  North  of  Tangitar  one  of  these  large  plains  occurs  within  the  lime-stone 
''  rocks,  being  surrounded  by  them  on  all  sides.  It  must  be  about  30  miles  long  from 
"  east  to  west,  and  about   16  from  north  to  south,  "f 

Professor  Ellsworth  Huntington  writes :  **  Apparently  the  Kashgar  basin  has  long 
'*  been  growing  smaller  by  a  process  of  continuous  folding  along  the  edges.  "J 

In  his  Central  Tian-Shan  Mountains,  however,  Merzbacher  gives  a  different  descrip- 
tion of  the  outer  hills :  the  latter  he  describes  as  **  subsiding  graduaUy  in  ranges  of 
"transverse  spurs,  whose  cape-like  ends  project  far  into  the  desert."  "Much  of  the 
"  outermost  skirting  range/'  he  says,  "  lies  buried  in  the  enormous  rubbish  heaps  of 
''  the  high  plain.  The  hitherto  prevailing  conception  of  the  wall-like  desc^it  of:  the 
*'  range  must  be  given  up." 

At  their  eastern  extremity  the  Tian  Shan  are  separated  from  the  Altai  mountains  of 
Mongolia  by  the  remarkable  depression  known  as  the  Zungarian  strait,  2300  feet  high  ; 
on  the  west  they  end  in  the  Alai  and  Trans  Alai  ranges. 

The  Trans  Alai  range  is  the  snow-clad  chain,  which  borders  the  Pamir  plateau  on  the 
The  Trans  AiaL  north :  it  is  a  very  important  range  and  surpasses  in  height 

all  the  mountains  that  intersect  the  Pamir  plateau  itself. 
Kaufmann  (23000  feet)  is  its  highest  peak  ;  the  pass  of  Kizil-Art  crosses  it  at  a  height  of 
14260  ieet. 

*  Menbaoher:  Central  Tian^Hhan  Mo^nUatiu,  ItfOd. 

t  T.  D.  Forayth :  Report  of  a  MUsion  to  Yarkattd,  1873,  page  472. 

X  Gompare  thiSt  Iiowever,  with  our  rA-eceding  note  on  the  Kuen  Lun  in  which  we  oome  to  the  conclusion  that  outer 
■ranges  are  absent. 
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The  Alai  range  is  north  of  the  Trans  Alai  and  lower ;  its  average  elevation  does  not^: 
^^  exceed  16000  feet,  and  its  highest  peaks  rise  only  to  1900(V 

feet.  There  are  several  passes  crossing  it  at  12000  feet. 
The  trough  between  the  two  ranges  is  known  as  the  Alai  valley ;  it  is  crossed  by 
the  water-parting  between  the  Aral  and  Tarim  basins,  the  drainage  of  its  eastern  por- 
tion flowing  one  way,  that  of  its  western  the  other.  The  height  of  the  trough  at  the 
water-parting  is  11000  feet ;  the  surface  of  the  trough  has  gentle  slopes,  and  the  actual 
water-parting  is  not  a  marked  feature.  The  two  rivers  flowing  eastwards  and^ 
westwards  from  the  water-parting  of  the  Alai  valley  are  both  named  Kizil-su. 
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18 

THE  RANGES  OF  THE  INTERIOR  OF  TIBET. 
A  complete  history  of  the  exploration  of  Tibet  will  be  found  in  Sir  Thomas  Holdich's 
Tibet  the  Mysterious.     Chart  xxii  of  this  paper    illustrates  the    tracks  of    explorers 

over  the  interior  of  Tibet. 

Many  parallel  mountain  ranges  have  been  found  to  exist,  but  their  number  and 
positions  and  heights  are  not  at  present  known. 

Between  the  Kailas  and  Kuen  Lun  ranges  there  are  probably  at  least  five  primary 
ranges,  and  of  these  the  prolongation  of  the  Karakoram  fold  is  probably  one.  We 
have  observed  the  continuity  of  the  Great  Himalaya,  and  of  the  Kailas  and  Ladak 
ranges  in  Southern  Tibet ;  and  explorers  have  traced  the  Kuen  Lun  on  the  north  of 
Tibet  from  west  to  east.  It  is  probable,  then,  that  the  central  folds  will  also  be  found 
continuous ;  they  may  bend  in  places,  and  subside  in  others  ;  they  may  bifurcate  and 
conjoin ;  and  different  lengths  may  appear  to  overlap  ;  but  the  primary  folds  probably 
do  continue  from  Afghanistan  to  China. 

Many  explorers  have  emphasised  the  fact,  that  the  interior  ranges    of  Tibet  and 

their  intermediate  troughs  trend  from  west  to  east.*    Nain  Singh  followed  a  long  west 

and  east  trough  containing  a  continuous  series  of  lakes :  Bower  followed  another,  and 

Sven  Hedin  a  third.     The  large  rivers  of  central  Tibet  appear  to  flow  in  west  and  east 

directions. 

"Like  all  the  previous  lakes,"  wrote  Sven  Hedin  in  northern  Tibet,  "lake  No.  18 

"  had  an  east  and  west  direction,  and  was  one  of  the  largest  we  encountered ;  we  travel- 
"  led  beside  it  the  whole  of  the  day  (sixteen  and  three-quarter  miles)." 

The  explorer  Kishen  Singh  traversed  Tibet  from  south  to  north,  from  Lhasa  to 
Saichu,  and  crossed  over  several  ranges :  the  following  are  extracts  from  the 
narrative  of  his  journey  in  the  interior  of  Tibet: — f 

{i)  "  We  reached  the  Lani  La  pass  by  an  easy  ascent  of  2  J  miles.  The  Lani  La 
"  range  comes  from  the  east,  and  far  off  in  that  direction  are  some  high 
"  peaks  covered  with  perpetual  snow." 

(n)  "  Tangla  is  a  long  range  of  mountains  running  from  the  west  and   possess- 

"ing  several  snowy  peaks  and  spurs." 
(in)  "  The  Dungbura  Khuthul  pass    has  an  easy  ascent.     The  general  direc- 

"  tion  of  the  long  range  bearing  this  name  is  from  east  to  west." 
iiv)    "  We  crossed  the  Kokoshili  Khuthul  pass   which   has     an   easy    ascent. 

"  The  general  direction  of  the  range  is  from  east  to  west." 
{v)  "  A  steep  ascent  of  1 J  miles  then   brought  us  to  the  Angirtakshia  Khuthu 

"  pass.     The  Angirtakshia,  a  long  range,  lies  east  and  west."J 

*  Littledale's  evidence  does  not  support  this  view  ;  he  marched  southwatds  from  the  Kuen  Lun  (latitude  36°  5')  to 
Tengri  Nor  (latitude  30°  40').  '*  We  never, "  he  wrote,  *'  saw  a  single  continuous  mountain  ranee,  till  we  came  to  the  Ninchin> 
"thsagla." 

t  J.  B.  N.  Hennessey :    Report  on  the  explorations  in  Great  Tibet  and  Mongolia  made  by  A-K  in  1879-18S2. 

t  Angirtakshia  is  a  local  name  for  an  easterly  extension  of  tho  Kueu  Lun. 
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The  Nincliinthangla  ra-nge,  however,  trends  from  north-east  to  south-west  and 
forms  a  very  striking  exception  to  the  east  and  west  rule  (frontispiece  to  Part  I). 

If  we  examine  the  frontispiece  to  Part  I  we  see  that  the  meridian  of  92°  crosses 
four  ranges  in  Tibet;  of  these  that  situated  north  of  latitude  30°  is  the  Lani,  that 
north  of  31°  is  the  Ninchinthangla.  The  Tangla  is  near  latitude  33°  and  the 
Kokoshili  is  north  of  35°.  Kishen  Singh's  Dungbura  range,  which  has  not  been 
shown  on  the  chart,  runs  north  of  34°  between  the  Tangla  and  the  Kokoshili. 

On  the  west  of  Tibet  we  find  between  the  Kailas  and  the  Kuen  Lun  ranges  two 
primary  ranges,  the  Karakoram  and  the  Aghil :  on  the  east  we  find  five,  the  Lani, 
the  Ninchinthangla,  the  Tangla,  the  Dungbura  and  the  Kokoshili.  Two  ranges 
are  thus  known  to  enter  the  interior  of  Tibet  from  the  west,  five  have  been  observed 
to  issue  from  it  on  the  east.  How  the  two  become  five,  or  whether  there  are  not 
more  than  five  we  do  not  know. 

WhenWellby  travelled  in  1896  from  west   to  east  through  northern  Tibet  he 

marched  south  of  the  Kokoshili  range  for  a  long  distance. 

Sven   Hedin   explored   the  long   trough    to  the    north 

between  the  Kokoshili   and  Kuen  Lun.    In  longitude  94°  20'  the  Kokoshili  is   cut 

through  by  a  northern  affluent  of  the  Yangtze,  but  east  of  the  gorge  it  becomes,  under 

the  name  of  Baian  Kara  Ula,  the   water-parting  between  the  Hoang  Ho  and  Yangtze. 

Wellby's  **  Abrupt "  peak  and  the  "  King  Oscar  '*  peak  of  Sven  Hedin  rise  from 
this  range. 

The   Tangla  range   forms    the   water-parting    in     Tibet  between  the  Yangtze 

and  Sal  ween,  and  Prejevalsky  traced  an  affluent  of  the 
*°^  former   almost  to  its  source  in  the  Tangla  at    a   height 

of  16400  feet. 

The  Ninchinthangla  range  forms  the    water-parting  between  the    Brahmaputra 

and  the  closed  basin  of  Tibet.  Mr.  and  Mrs.  Little- 
e   inc  in  ang  ^^^^  crosscd  this  range  by  the  Goring  pass  (19587  feet), 

and  the  explorer  Nain  Singh  crossed  it  by  the  Khalamba  pass  (17200  feet).  Little- 
dale  described  the  Ninchinthangla  as  "  a  niagnificent  range — ^a  succession  of  snow-clad 
'Speaks  and  glaciers."  "Above  all,"  he  wrote,  "towered  with  cliffs  of  appalling 
"  steepness  the  great  peak  of  Charemaru,  24153  feet.  From  this  point  of  view  it  was 
"  perhaps  one  of  the  most  impressive  mountains  I  had  ever  seen.*"  Colonel  Montgomerie 
wrote  :  "To  the  south  the  lake  is  bounded  by  a  splendid  range  of  snowy  peaks  flanked 
"  with  large  glaciers,  culminating  in  the  magnificent  peak  Jang  Ninchinthangla  which 
"is  probably  more  than  25000  feet  above  the  sea.  The  range  was  traced  for  nearly 
*'  160  miles  nmning  in  a  north-easterly  direction.' '| 

La  a  table  below  we  give  a  list  of  all  the  highest  peaks  of  Tibet,  the  positions  of 
wliich  are  known :  we  are  unable  to  identify  either  Montgomerie' s  peak  Jang  Ninchin- 
thangla or  LitUedale's  Charemaru :  the  two  were  possibly  the  same  peak,  j;  In  1904 
^^^^■^^'■^■^■^— ^^— ^'^™^— ■»— ^^^^^1.— ^^"^— ^^— — »-^i— »— ^^— —       ■  —  ■  ^^—^—  ■      —^^-^—^—1——.^^——      »^^— ^ 

*  fdeoifraphical  Journal,  V6L  Vn,  1896. 

t  CoIoimI  Mont80iiierie*8  Memorandum  on  the  exploratte  ot  the  Nam  Tso  or  Tenym  Nor  Lake,  1873-74. 

X  Vox  Ryder's  note  on  Bonyalot's  peaks  see  Rtport  on  SwnK§  ^mcroHona  with  the  Twet  Frontier  Oommiasion,  1904 
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Major  Byder  fixed  several  peaks  of  the  Nincliinthangla  range  from  the  neighbourhood 
of  Lhasa.  B^^^  was  the  highest  peak  he  observed,  and  its  altitude  was  23265  feet. 
It  is  unlikely  that  Montgomerie's  or  Littledale's  peaks  are  higher  than  this. 

The  Lani  range  is  an  easterly  branch  of  the  Ninchinthangla. 

Nothing  is  known  of  the  Dungbura  range  beyond  the  fact  that  Elishen  Singh 
crossed  it. 

The  prolongation   on  the  frontispiece  to  Part  I  of  the  Karakoram  range  and  its 

conjunction  in  longitude  92^  with  the  Ninchinthangla 
^^Prolongation  of  the  Karakoram  in  ^^^  hypothetical.  We  do  not  yet  kuow  that  the  Kara- 
koram range  does  continue  eastwards  through  Tibet^ 
and  even  if  it  be  proved  to  do  so,  it  may  be  found  to  connect  with  the  Tangla  range 
north  of  latitude  32°,  and  not  with  the  Ninchinthangla.  Observers  of  the  Hima- 
laya, the  Ladak  and  the  Kailas  ranges  have  been  impressed  with  their  apparent  conti- 
nuity, and  it  is  perhaps  natural  that  we  should  seek  for  the  prolongation  of  the 
gigantic  Karakoram :  the  prolongation,  however,  as  entered  on  the  chart,  is  intended  to 
suggest  only  the  fossibilily  of  continuity,  and  must  not  be  accepted  as  fact. 

The  following  extracts  show  the  evidence  upon  which  the  drawing  of  the  Kara- 
koram range  in  the  chart  has  been  based : — 

"  A  number  of  lofty  snowy  peaks  were  determined  from  various  stations  of  the 
"route  survey,  the  most  remarkable  being  the  Aling  Kangri  group  north  of  the  Indus, 
'^  which,  judging  from  the  great  mass  of  snow  seen  on  its  southern  face  during  August 
"  and  September,  must  be  upwards  of  23000  feet  above  the  sea,  possibly  as  much  as 
"  24000  feet.  The  line  of  perpetual  snow  on  the  southern  slopes  of  the  Ladak 
"  Mountains  approximates  to  20000  feet  in  the  same  latitude,  and  it  would  require 
"  several  thousand  feet  of  snow  above  that  line  in  order  to  be  very  imposing  at  80 
"  miles,  at  which  distance  the  Pandit  first  saw  it.  The  Aling  Kangri  group  had  never, 
''  as  far  as  I  am  aware,  been  heard  of  before.  They  appear  to  be  a  continuation  of 
"  the  range  between  the  Indus  and  the  Pangong  lake."* 

"  The  Pandit  Nain  Singh  left  Leh  in  July  1874,  and  succeeded  in  crossing  the 
"  Tibetan  frontier  in  the  disguise  of  a  Lama  or  Buddhist  priest.  Passing  about  15 
"  miles  to  the  north  of  Rudok,  he  travelled  nearly  due  east  for  a  distance  of  more  than 
"  800  miles  over  a  new  line  of  country,  separated  from  the  valley  of  the  Sangpo 
"  (Brahmaputra)  by  an  almost  continuous  range  of  snow  mountains,  which  trends  east- 
'  wards,  from  the  Aling  Kangri  peaks  in  longitude  81°,  up  to  the  Ninchinthangla  peaks 
"in  longitude  90j^"t 

In  central  Tibet  the  line  of  perpetual  snow  does  not  lie  much  below  20000  feet, 
and  the  fact  that  Nain  Singh  saw  snow  extending  almost  continuously  from  longitude 
81°  to  90j^°  is  evidence  of   the    existence  of  a  great  range. 

•  Colonel  Montgomerie's  Bepmi  on  Trans-Himalayan  Explorations,  1867.  The  range  between  the  Indus  and  ths 
Pangong  lake  is  the  Ladak  range  :  possibly  the  Kailas  range  also  passes  between.  The  Alin^  Kangri  peaks  are  now  be- 
lieved to  stand  oonaiderably  north  of  the  Kailas  and  Ladak  ranges,  and  to  mark  perhaps  the  continuation  of  the  Karakoram. 

t  An  account  of  Tra^s-HimaUyan  explorations  by  General  J.  T.  Walker,  R.E.,  F.R.S,  Qtnfsral  Beport,  Great  Trigonamet* 
rical  Survey  of  India,  1874-75,  pajpc  20. 
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The  question  may  be  asked  whether  the  snowy  range  seen  by  Nain  Singh 
to  the  south  may  not  have  been  the  Kailas  range :  the  answer  is  that  the  snow 
peaks  fixed  by  Nain  Singh  stand  120  miles  north  of  the  Brahmaputra  and  many  miles 
north  of  any  known  peaks  of  the  Kailas  range.  Thus  the  Aling  Kangri  peaks  east  of 
longitude  81^  are  a  hundred  miles  north  of  the  sacred  peaks  of  Kailas.  In  longitude 
85°  the  two  ranges  are  one  hundred  miles  apart  and  in  86°  eighty  miles.  The  interval 
in  fact  between  Nain  Singh's  range  of  peaks  and  the  Kailas  range  is  greater  than 
between  the  Kailas  and  Ladak  ranges,  and  if  we  have  regard  to  the  spans  of  the  known 
ranges  of  the  Himalaya  and  Karakoram,  we  find  it  more  reasonable  to  assume  that 
an  intermediate  trough  separates  Nain  Singh's  range  from  the  Kailas  than  that  the 
two  apparent  chains  of  mountains  are  the  respective  flanks  of  one  broad  range. 

The  following  extract  from  Captain  Trotter's  report  on  the  Trans-Himalayan 
explorations  of  1873-74-75  gives  further  details  of  Nain  Singh's  journey : — 

Four  hundred  miles  east  of  Aling  Kangri  "the  Pandit  encountered  a  lofty 
*•' range  of  mountains,  which  was  crossed  by  a  high  but  easy  pass  called  Kilong,  18170 
"  feet  above  sea-level.  This  range  runs  southwards  and  culminates  in  some  enormous 
"  peaks  known  by  the  name  of  Target,  from  which  extends  eastwards  a  snowy  range^ 
"  numerous  peaks  of  which  were  fixed  by  the  Pandit  along  a  length  of  180  miles 
"  up  to  where  the  range  terminates  in  a  mass  of  peaks  called  Gyakharma,  which  also 
"  lie  to  the  south  of  and  very  near  the  Pandit's  road.  The  highest  of  these  Gyakharma 
"peaks  was  ascertained  by  measurement  to  be  22800  feet  above  sea-level,  and  the 
"  Pamlit  estimates  that  the  highest  of  the  Target  peaks,  which  lay  too  far  off  the  road  for 
"  vertical  measurement  with  a  sextant,  is  at  least  2600  feet  higher  ".* 

"  This  range  is  probably  not  the  watershed  between  the  basin  of  the  Brahma- 
"  putra  and  the  lake  country  of  Tibet,  for  the  Pandit  was  informed  that  to  the  south 
"  of  the  range,  running  parallel  to  it,  is  a  large  river,  the  Dumpho  or  Hot  a  Sangpo 
"  which  ultimately  changes  its  course  and  flows  northwards  into  the  Kyaring  lake/' 

"Thus  far  on  his  journey,"  continues  Captain  Trotter,  "the  Pandit  states  that 
**  a  cart  might  be  driven  all  the  way  from  Noh  without  any  repairs  being  made  to 
**the  road,  but  in  crossing  the  range  the  path  was  steep  and  difl&cult.  There  is  an 
*'  alternative  road,  however,  lying  to  the  north,  by  which  it  is  said  a  cart  might 
easily  travel  to  the  Nam  Tso  lake  without  meeting  a  single  obstacle  en  route.^^ 

The  height  of  the  plateau  traversed  appears  to  vary  but  little  between  15000 
"  and  16000  feet  above  the  sea-level.  The  plain  is  as  a  rule  confined  between  moun- 
"  tains  which  run  parallel  to  the  direction  of  the  road,  but  a  few  transverse  ridges 
"  of  considerable  elevation  are  crossed  en  roiUe.*^ 

The  following  table  gives  a  list  of  the  high  peaks  of  Tibet,  as  known  to  us,  and 
shows  the  ranges  on  which  they  stand.  A  few  of  the  heights  such  as  those  of  Leo 
Pargial,  Kamet,  Kailas  and  Gurla  Mandhata  have  been  well  determined  and  may  be 
ranked  as  values  of  the  first  class  in  accuracy  :  many  heights,  however,  which  have  been 


•  Estimates  of  heights  of  snow  peaks  have  so  often  proved  to  be  in  error  by  6000  or  6000  feet,  that  no  weight  what- 
ever is  now  attached  to  them. 
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measured  trigonometrically  from  stations  in  Tibet,  can  only  be  regarded  as  belong- 
ing to  the  second  class  of  accuracy,  owing  to  the  uncertainty  attaching  to  the  altitudes 
of  the  points  from  which  the  observations  were  taken.  The  sextant  observations  of 
Nain  Singh  furnish  heights  of  the  third  class  of  accuracy,  whilst  his  numerical 
estimates  of  Aling  Kangri,  Target  Yap,  and  Samdankang  Jang  can  only  be  accepted 
as  indications  of  imposing  height.  The  explorer  Eishen  Singh  contented  himself  with 
recording  against  Jhomogangar  ^Wery  high",  and  refrained  from  numerical  estimation.. 


Table  XXVIL— The  high  peaks  of  Tibet, 

Note. — ^Peaks  of  the  Himalaya,  Karakoram  and  Kuen  Lun  ranges  have  been  excluded,  as  this  list  is  intended  to 
show  peaks  that  stand  in  the  interior  of  Tibet 


1 

Range.                                 Name. 

1 

'Height  in  feet 

1 
1 

Latitude. 

1 

Longitude.* 

Authority. 

i 

,                            C      LeoPargialS.    . 

1 

i     22170     ; 

0      /         ^ 

31  53    5 

78  44    5    \)  Great  Trigo- 

Zaskar         j      LeoPargialN. 

22210    . 

31  54    8 

78  44  39      [     nometiical 

^ 

Kamet 

25447 
25355 

30  55  13 
30  26  18 

79  35  37      . 

/      Survey. 

1                                                    ^' 

Gtula  Mandhata 

81  17  57 

G.  T.  Survey. 

! 

Wi« 

20751 

30  13  46    1 

82    8    5    1' 

> 

1 

;  w» 

i     21007 

30  14  25 

82    8  38 

1 

WIM 

1     21431 

30  17    8 

82    8  53    ; 

1 

1 

1       WIM 

j     21383 

30    9  37 

82    9  41 

w** 

22032 

30    7  26 

82  11  17 

'l     Wi« 

21568 

30  12  35    , 

82  11  28 

w* 

20467 

30    1  50 

82  19  36 

1 

1 

Wus 

20168 

30    0  44    i 

82  21  51 

1 

! 

;  w»« 

21754 

29  51    0    1 

82  42  16 

yjm 

20684 

29  47  57 

82  43  23 

.Wood. 

IjSlA  skXc 

WiM 

22492 

29  45  29 

82  45    0 

jununi^               •      « 

YfKS 

21477 

29  40  32 

83    0    3 

Wiei 

20000 

29  36  11 

83  13  21 

W»» 

20244 

29  30  57 

83  21  53 

W»«* 

20560 

29  33  51 

83  39    5 

W* 

20727 

28  45  34 

85  32  27 

W«> 

21248 

28  46  37 

85  32  57 

W" 

21169 

28  56  58 

86    5  12 

w« 

21263 

28  57  58 

87  16  51 

J 

R"»  or  N  0  i  i  n  k  a  n  g 

23600 

28  57    2 

90  11     1     ' 

s 

Sang 

R"i           ... 

21852 

28  51  18 

90  12  43    ' 

1 

Ri«          .         .         . 
R»» 

21424 
20456 

-28  50  18 
28  48  25 

90  13  26 
90  13  33 

t 

^  Ryder. 

RM»          .        .         . 

21660 

28  46  33 

91  59  20 

1 

R«»  (a)  (Yala  Shimbo 

21768 

28  47  46 

91  59  20    '■ 

of  Nain  Singh) 

i 

!J                        1 

*  The  yalues  of  longitude  are  based  on  the  determination  of  the 
1894-96,  and  are  not  those  hitherto  accepted  by  the  Survey  of  India. 
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Table  XXVII. — The    high  peaks  of  Tibet — oontimted. 


Range.                               Name.                      V 

1 

Beight  in  feet. 

Lfttitude. 

1 
1 

1 

Longitude.* 

Authority. 

1 
1 

^1       W216 

1 

20437 

O        /          It        \ 

31    5  18 

O        /          It        \ 

81  13  67     , 

Wood. 

Kailas 

22028 

31    4    2 

81  18  50 

G.  T.  Survey. 

W^ 

21600 

29  55  16 

84  33  33 

j 

W^w 

23150 

29  50    4 

84  36  39 

[-Wood. 

w^«» 

21300 

29  48  49 

84  38    8 

W"* 

20628 

29  43  16 

85  10  11 

3 

Kailas         -* 

Haikiang  ■ 

•  •  • 

29  32    0 

85  14    0 

Nain  Singh. 

Wi" 

20616 

29  26  46 

86  21  44    : 

W^«>  or   Cho-ar-dzong 

21300 

29  27  43 

86  23    8 

W»«         .       .       . 

WM           ... 

20752 
21097 

29  26  37 
29  29  25 

86  23  18 
85  24  52 

.Wood. 

W«T           ... 

21227 

29  28  30 

!     85  24  53 

1 

'    w<»         ... 

20000 

29  33  25 

:    87    8  38 

v 

These       peaks 

.,    R2W 

21439 

29  20  56 

1 

91  46  42 

1 

^  Ryder. 

r" 

stand     on     a 

^ 

range  in  Tibet 

Aling  Kangri      . 

24000 

32  46 

81     2 

1 

1 

that          may 

Ning  Kangn 

a    • 

32  15 

83    0 

1 

^Nain  Singh. 

possibly  prove 

<  Shyalchikang  Jang      . 

Very  high 

31  45 

84  45 

to      be      the 

TargotYap 

25000 

30  40 

86  15 

J 

conliniiation 

Qyakharma 

22800 

30  50 

88  30 

of   the  Eara- 

koram. 

1  ^ 

1 

f 

.    Jhomogangar 

Very  high 

29  50    0 

89  60    0 

Explorer  A-E. 

R"" 

22950 

29  54    7 

90    2    3 

ii 

R2»i 

20207 

29  51  26 

90  13  25 

1 

R21« 

21694 

30  18    9 

90  29    7     ' 

R212 

:     20456 

29  57    7 

90  32  46 

1 

R^i^ 

'     23255 

30  22  17 

90  35  19 

-  Ryder. 

Ninchinthangla ' 

R2W 

20366 

30  27  37 

90  41  41 

R222     or     Samden 

1 

1 

Khansa  of  A-E 

20576 

30  47  55 

i    91  25  54 

R82»           .         .         . 

21543 

30  50  38 

91  29  40 

J 

, 

!  fSamdankangyang 
Potamolam 

24000 

... 

30  50    0 
30  30    0 

91  30    0 
91  49    0 

\  Nain  Singh. 

R22*                 ... 

1 

20130 

30  30  33 

91  52    9 

Ryder. 

Central  Tibet    j 

^>     Eangdigar 
Munza  Kangri 

20600 

•  •  • 

31  20    0 

32  20    0 

1 
1 

1    86  46    0 
87  15    0 

1  Nain  Singh. 

• 

Norfch-Eastern 

t 

Tibet    .     .     .        Caroline 

18000 

35  20    0 

97  30    0 

Rockhill. 

•  The  values  of  longitude  are  based  on  the  determination  of  the  difference  between  Greenwich  and  Madraa  made  m 
1804-96,  and  are  not  those  hitherto  accepted  by  the  Survey  of  India.  ,,      ,      „      -      w^  «   a  it   v  ^u- 

t  The  8amdanhang  Jang  of  Nain  Smghis  probably  identical  with  R228 :  possibly  the  Samden  lOui^  of  A-K  w  the 
same  peak  also,  and  not  R222  as  shown.  The  Potamolam  of  Nain  Singh  is  probably  identical  with  R224.  Nam  Smgh  9 
valne  for  the  heicrht  of  Samdanhan^  Jang  has  been  shown  by  Ryder  to  be  over  2000  feet  too  great 
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Tablk  XXVII.— The  high  peaks  of  Tihet-Hxmduded. 


Bftn^o. 


Nordieni  Tibet 


Wesfcern  Tibet  J 


N»me. 


Abrupt  peak  . 
UUug  Mustagh 
King  Oaear  peak 


Gamp  74  peak  273 


II 
11 

99 
91 
91 
» 
99 
91 
99 
99 


51 
61 
57 

109 
57 
51 
49 
51 
32 
29 

110 


99 
99 
99 
91 
99 
99 
99 
99 
99 
99 


170 
169 
185 

84 
179 
142 
144 
165 
116 

94 
103 


99 
99 
99 


Peak  95 
Gamp  67  peak  162 
110  „   93 
110  „   94 
51  „  163 
Peak  89 
Gamp  110  peak  92 
99   32  „  89 
Snow  Peak  34 
Camp  32  peak  110 
32  „  109 
32  ,.  108 


99 

99 


Height  in  feet. 


•  I 


.1 


24000 


20010 

20980 

20730 

20100 

20370 

20200 

21020 

20550 

20180 

20970 

20100 

20260 

20350 

20650 

20750 

20490 

20820 

20310 

20640 

20690 

20010 

20480 

20910 

20120 


lAtitoda. 


(J 


35  30  0 

36  30  0 
35  30  0 

33  58  3 
32  47  58 

32  47  10 

33  40  37 

34  32  49 
33  42  15 
33  26  56 
33  36  49 
33  26  30 
33  27  54 

33  68  45 

34  40  19 
33  49  4 

33  48  56 

34  44  20 
34  43  53 
33  46  38 

33  48  7 

34  46  33 

33  40  53 

34  25  4 
33  16  24 
33  11  2 
33  15  33 


Lcmgitode,* 


82  30  0 
87  20  0 
87  40  0 

79  40  28 
81  8  68 
81  12  40 
81  18  2 
81  33  9 
81  39  25 
81  42  31 

81  55  41 

82  12  57 
82  15  30 
82  17  6 
82  19  19 
82  19  32 
82  19  41 
82  20  49 
82  21  4 
82  21  11 
82  22  19 
82  22  42 

82  30  21 

83  1  13 
83  5  18 
83  24  45 
83  29  9 


Anttuxitgr* 


Wellby 


y  Deasy. 


1 


Ram  Singh. 
Deasy. 

Ram  Singh. 
l   Deasy. 
Ram  Singh. 


Deasy. 


*  The  Tallies  of  longitude  are  based  on  the 
.l894-96»  and  are  not  those  hitherto  acoepted  by 


determination  of  the  difference  between  Greenwich  and  Madras  made  in 
the  Surrey  o^  India. 
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THE  LIMIT  OF  PERPETUAL  SNOW. 

The  **  snow-line  ' '  is  the  lower  limit  of  perpetual  snow — ^the  line  above  which  the  snow- 
resists  the  heat  of  summer,  and  below  which  it  all  disappears  for  a  certain  time  every 
year.    Snow  will  remain  unmelted  in  deep  ravines  long  after  it  has  disappeared  ^m 
neighbouring  summits,  but  in  determining  the  snow-line  we  have  to  consider  not  shel- 
tered snow  but  snow  exposed  to  the  rays  of  the  sun. 

The  snow-line  is  dependent  upon  temperature  and  snow-fall,  and  to  a  lesser  degree- 
upon  wind.    A  light  snow-fall  renders  the  line  high  ;  the  temperature  of  air  at  the  snow- 
line is  always  below  the  freezing  point  of  water  in  regions  of  scanty  snow-fall. 

If  snow-fall  were  everywhere  uniform,  the  height  of  the  snow-line  would  vary 
with  temperature,  and  would  consequently  tend  to  decrease  from  the  equator  to  the 
poles,  as  the  latitude  increased.  It  would,  however,  under  such  conditions,  be  slightly 
lower  (north  of  the  equator)  on  northern  slopes  than  on  southern,  owing  to  the 
difference  between  the  angles  at  which  the  sun's  rays  are  inclined  to  the  mountain 
surface. 

On  the  southern  slopes  of  the  Great  Himalayan  range  the  snow-line  is  3000  feet 
lower  than  on  the  northern :  this  large  difference  is  mainly  due  to  the  southern  slopes  - 
being  exposed  to  damp  winds  from  the  Indian  ocean,  which  drop  their  moisture  be- 
fore they  cross  the  range.  Tibet  and  the  Tian  Shan  are  extraordinarily  dry,  and 
their  snow-lines  are  consequently  higher  than  those  of  mountains  situated  in  the  same 
latitudes  but  in  other  continents.  In  western  China  and  in  the  extreme  east  of  Tibet 
a  quantity  of  rain  and  snow  falls,  and  the  snow-line  is  low. 

Table  XXVIII. — ^Height  of  the  snow-line  in  Central  Asia. 


1 

Height  of 

Range. 

Aspect* 

Latitude. 

snow-line 
in  feet. 

Authority. 

Nepal  Himalaya 

South 

28° 

• 

14700 

Hooker :  Journal,  R.  G.  S.,  XX,  1851. 

South-East  Tibet .     . 

•  •  • 

29" 

13000 

QUI :  Journal,  R.  G.  S„  XLVIII,  1878. 

Eamaun  Himalaya   . 

South 

30°  30' 

15500 

'  Bichaid  Strachey :  Journal,  A.  S,  B., 
S     XVIII,  1849. 

Eomaim  Himalaya    . 

North 

30°  30' 

18500 

Punjab  Himalaya 

South 

34° 

17000 

Montgomerie :  G.  T.  Survey  Sifn.,  Vol. 
VII. 

Punjab  Himalaya 

North 

34° 

19000 

) 

Zaskar 

South 

34° 

20000 

>  Cunningham's  Ladak. 

Zaskar 

North 

34° 

19500 

3 

Ladak  range  near  Leh. 

North 

34° 

18500 

I  Drew :  Jummoo  and  Kashmir  territories. 

Ladak  range  near  Leh . 

South 

Sd"" 

19000 

Kailas 

South 

31° 

19500 

Richard  Strachey :  Journal,  A.  S.  B., 

XVIII,  1849. 
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Table  XXVIII. — Height  of  the  snow-line  in  Central  Asia — oontirmed. 


Height  of 

Range. 

ARpect. 

Latitude. 

snow-line 
in  feet. 

Authority. 

Western  Tibet  . 

•   •  • 

34° 

20000 

Richard  Strachey :  Encyclopcedia 
BrUannica,  article  Himalaya, 
Drew  :  Jummoo  and  Kashmir  territories. 
Deasy  :  In  Tibet  and  Chinese  Turkistan. 

Earakoram 

South 

36° 

18500 

Cunningham's  Ladak. 

Earakoram 

North 

36° 

18500 

Hayward  :  Journal,  R.  G.  S.,  XL,  1870. 

Earakoram 

North 

36° 

18000 

Cunningham's  Ladak. 

Tian  Shan 

■  •  ■ 

42° 

11000 

Semenoff:  Journal,  R.G.S.,  XXXV,  1865. 

Alai 

•  ■  • 

40° 

14000 

Delmar  Morgan  :  R,  0.  S.,  SupptemerU- 
ary  Papers,  1886. 

The  snow-line  in 

Europe  and 

Western  Asia. 

1 

Pyrenees. 

43° 

8500 

Caucasus. 

• « • 

43° 

10000 

Alps 

•  •  ■ 

46° 

8500 

Twenty  thousand  feet  is  the  highest  elevation  to  which  the  snow-line  has  been 
observed  to  recede,  and  it  is  probable  that  it  will  be  nowhere  found  higher :  the 
snow-lines  on  the  Kuen  Lun  and  in  central  Tibet  have  never  yet  been  determined, 
but  they  are  estimated  to  lie  lower  than  that  of  western  Tibet,  which  is  one  of  the 
driest  regions  of  the  earth. 

We  do  not  know  at  present  to  what  extent  the  rainfall  or  snow-fall  varies  with 
height,  nor  have  we  been  able  to  determine  the  elevation  of  maximum  precipitation. 
Sir  Joseph  Hooker  doubted  whether  the  winds  from  the  Indian  Ocean  ever  reached  the 
summit  of  Kinchinjunga,  and  he  thought  that  very  little  snow  fell  at  that  great 
height.* 

The  outer  Himalayan  ranges  everywhere  intercept  a  large  part  of  the  rainfall  from 
the  Indian  Ocean ;  the  Pir  Panjal  range,  for  example,  prevents  the  moisture-laden 
winds  from  reaching  the  valley  of  Kashmir.  But  the  snow  covering  the  Great  Hima- 
laya shows  that  there  are  damp  currents  at  high  altitudes,  which  are  prevented  by  the 
range  from  entering  Tibet. 

The  water  in  the  lakes  of  western  Tibet  is  due  not  to  rain  falling  on  the  high 
plains  but  to  snow  accumulating  on  the  ranges  and  descending  in  glaciers. 

**The  height,'*  wrote  Richard  Strachey,  "at  which  it  is  certain  that  snow  will  fall 
"  every  year  in  this  region  (Kumaun)  of  the  Himalaya,  is  about  6500  feet,  and  at  an 
"  elevation  of  5000  feet  it  will  not  fail  more  than  one  year  out  of  ten.  The  least  height 
"  to  which  sporadic  falls  of  snow  are  known  to  extend  is  about  2500  feet,  and  of  such 
"  falls  there  are  only  two  authentic  instances  on  record,  since  the  British  took  possession 
"  of  Kumaun,  viz.,  in  1817  and  1847.' 'f 

Snow  was  observed  to  be  falling  on  one  occasion,  at  10  o'clock  at  night,  in 
February,  1906,  in  Dehra  Dun,  at  a  height  of  2400  feet. 

*  Himalayan  Journals^  Vol.  II,  page  390. 

t  Jcumal,  Asiatic  Society  of  Bengal,   Vol.  XVIII,  1849. 
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PREFACE 


IN  1807  a  Survey  detachment  was  deputed  by  the  Surveyor  General  of  Bengal  to 
explore  the  source  of  the  Ganges :  this  was  the  first  expedition  to  the  Himalaya 
undertaken  for  purely  geographical  purposes.  A  hundred  years  have  now  elapsed, 
during  which  geographical  and  geological  information  has  been  steadily  accumulating, 
and  we  have  at  length  reached  a  stage  where  there  is  danger  of  losing  our  way  in  a 
maze  of  unclassified  detail :  it  is  therefore  desirable  to  review  our  present  position,  to 
co-ordinate  our  varied  observations  and  to  see  how  far  we  have  progressed  and  what 
directions  appear  favourable  for  future  lines  of  advance. 

The  present  paper  originated  in  a  proposal  submitted  by  the  Survey  of  India  to 
the  Board  of  Scientific  Advice  at  the  meeting  of  the  latter  in  May  1906.  The  pro- 
posal was  as  follows : — **  The  number  of  travellers  in  the  Himalaya  and  Tibet  is 
"  increasing,  and  a  wider  interest  is  being  evinced  by  the  public  in  the  geography  of 
**  these  regions.  It  is  therefore  proposed  to  compile  a  paper  summarising  the  geographi- 
"  cal  position  at  the  present  time. ' ' 

Subject  to  the  modification  that  the  scope  of  the  paper  should  be  geological  as 
well  as  geographical,  this  proposal  has  received  the  sanction  of  the  Government  of 
India  and  the  work  has  been  entrusted  to  us  to  carry  out.  On  the  understanding 
that  the  paper  is  intended  primarily  for  the  use  of  the  public,  we  have  endeavoured 
to  avoid  purely  technical  details  and  to  present  our  results  in  a  popular  manner. 

Our  subject  has  fallen  naturally  into  four  parts,  as  follows: — 

Part  I. — The  high  peaks  of  Asia. 
Part  II.— The  principal  mountain  ranges  of  Asia. 
Part  III. — The  rivers  of  the  Himalaya  and  Tibet. 
Part  IV. — ^The  geology  of  the  Himalaya. 

Though  the  four  parts  are  essentially  interdependent,  each  has  been  made  as  far 
as  possible  complete  in  itself  and  will  be  published  separately.  The  first  three  parts 
are  mainly  geographical,  the  fourth  part  is  wholly  geological :  the  parts  are  subdivided 
into  sections,  and  against  each  section  in  the  table  of  contents  is  given  the  name  of  the 
author  responsible  for  it. 


PREFACE 

The  endeavour  to  render  each  part  complete  must  be  our  apology  for  having 
repeated  ourselves  in  more  places  than  one :  the  relations,  for  instance,  of  a  range  to  a 
river  have  been  discussed  in  Part  II,  when  the  range  was  being  described,  and  have 
been  mentioned  again  in  Part  III  under  the  account  of  the  river. 

As  the  mountains  of  Asia  become  more  accurately  surveyed,  errors  wiU  doubtless 
be  found  in  what  we  have  written  and  drawn :  it  is  not  possible  yet  to  arrive  at  correct 
generalisations  and  we  have  to  be  content  with  first  approximations  to  truth. 

Maps,  too  large  for  insertion  in  such  a  volume  as  this,  are  required  for  a  study  of 
the  Himalayan  mountains :  the  titles  of  maps  illustrating  the  text  are  given  in  foot- 
notes and  are  procurable  from  the  Map  Issue  OjB&ce  of  the  Survey  of  India  in  Calcutta. 
Constable's  hand-atlas  of  India  will  be  found  useful. 

We  are  much  indebted  to  Babus  Shiv  Nath  Saha  and  Ishan  Chandra  Dev,  b.a.,  for 
the  care  with  which  they  have  checked  our  figures  and  names,  and  to  Mr.  J.  H.  Nichol 
for  the  trouble  he  has  taken  to  ensure  the  correctness  of  the  charts.  Mr.  Ecdes  and 
Major  Lenox  Conyngham  have  been  kind  enough  to  examine  all  proofs^  and  to  give 
us  the  benefit  of  their  advice  and  suggestions.  Mr.  Eccles  has  also  supervised  the 
drawing  and  printing  of  the  charts,  and  we  have  profited  greatly  by  the  interest  he  has 
shown  in  them. 

S.   G.   BURRARD. 

H.  H.  Hayden. 
JfarcA  1907. 
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CHARTS  OF  PART  III. 
Charts  I  to  VIII  are  included  in  Part  I. 

Charts  IX  to  XXII  are  included  in  Part  II. 

-Catchment  areas  of  rivers  and  lakes. 
-Himalayan  areaa  drained  by  the  Jumna  and  Ganges. 
-Himalayan  areas  drained  by  the  Ramganga  and  Kali. 
-Himalayan  areas  drained  by  the  Kamali  and  Rapti. 
-Himalayan  areas  drained  by  the  Gandak  and  Baghmati 
-Himalayan  areas  drained  by  the  Kosi  and  Tista. 
-Himalayan  areas  drained  by  the  Raidak  and  Manas. 
-Himalayan  area  drained  by  the  Brahmaputra. 
-Himalayan  area  drained  by  the  Sutlej . 
-Himalayan  areas  drained  by  the  Beas  and  Ravi. 
-Himalayan  areas  drained  by  the  Chenab  and  Jhelum. 
-Himalayan  area  drained  by  the  Indus. 
-Water-partings  are  situated  behind  main  ranges. 
-Gorges  tend  to  recur  on  radial  lines. 
-The  varying  gradients  of  rivers. 
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THE  DRAINAGE  OF  THE  PLATEAUX. 

THE  high  plateaux  and  mountains  which  we  have  been  describing  in  Part  II    con* 
tain  the  sources  of  the  principal  rivers  of  Asia.    In  chart  xxm  the  drainage   is 
illustrated. 

If  we  commence  at  the  Tian  Shan  and  work  round  by  west  to  south,  and  thence 
to  east,  we  find  that  the  rain  and  snow,  which  fall  on  the  plateaux,  flow  to  the  lower 
levels  of  Asia  in  the  following  ways : — 

(i)  The  northern  slopes  of  the  Tian  Shan  are  drained  by    small  rivers    that 
flow  on  the  east  into  the  MongoUan  lakes  and  on  the  west  into  lake 
Balkash. 
(ii)  The  western  portions  of  the  Tian  Shan  are  drained  by  the  Jaxartes  (Syr 
Darya)  and  the  western  flank  of  the  Pamir  plateau  by  the  Oxus  (Amu 
Darya).    The  J  axartes  and  the  Oxus  empty  their  waters  into  a  flat  shallow 
depression  of  western  Asia,  and  create  the  sea  of  Aral, 
(iii)  The  Helmand,  draining  the    western  portions  of  the  Hindu  Kush,  has  its 
course  stopped  by  a  small  range  of  hills  on  the  borders  of  Afghanistan 
and  Persia,  and,  being  forced  to  empty  itself  into  a  flat  inland  desert  basin, 
it  creates  the  lagoon  of  Seistan.* 
(iv)  Feeders  of  the  Indus,  described  in  detail  hereafter,  drain  the  southern  slopes 
of  the  Hindu  Kush  and  Karakoram  ranges,  and  both  the  northern  and 
southern  slopes  of  the  Punjab  Himalaya, 
(v)  Feeders  of  the  Ganges  and  Brahmaputra  carry  oflE  all  the  water  and  snow 

that  fall  on  the  Kumaun,  the  Nepal  and  the  Assam  Himalaya, 
(vi)  The  Irrawaddy,  the  Salween    and    the  Mekong    drain  the   south-eastern 
portions    of  Tibet,  and  flow,  the  two  first  into  the  Bay  of  Bengal,  and 
the  last  into  the  Pacific   Ocean, 
(vii)  The  Yangtze  and  Hoang  Ho  drain  Eastern  Tibet,  and  flow  through  China 

to  the  Pacific  Ocean, 
(viii)  The  rivers  of  the  Tarim  system  drain  the   interior  of  the  horse-shoe,  and 

empty  their  waters  into  the  shallow  lagoons  of  Lob  Nor. 

(ix)  The  rivers   of  Central  Tibet  flow   into    one  or  other   of  the   numerous 

Tibetan  lakes,  and  have  no  outlet  to  the  sea. 

In  comparing  rivers  we  can  have  regard  to  the  areas  of  their  basins,  or  to  the  volumes 

of  their  discharges,  or  to  the  populations  they  support ;  and  the  following  table,  though 

not  based  altogether  upon  trustworthy   data,    will   give  some  idea   of   the    order  of 

*  Vide  Joumai,  R.  0. 8.,  Vol.  43, 1873,  page  278  :  also  Holdich's  geographical  notes,  Afghan  Boundary  Commission,  Proceed' 
ings,  B.  0. 8.,  Vol.  VII,  1885  :  also  Annual  Report  of  the  Board  of  8cientific  Advice  for  India,  1905-06. 
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importance  of  the  difEerent  drainage   systems.*    In  this  table  the  most  important 
^system  is  that  numbered  "  1  "  and  the  leaat  important  is  that  numbered  "  13." 

Table  XXIX, 


\ 


Drainage  system. 


ObDBB  of  IMPOBTANOB  of  THB  SBYX&AL  BIVXB8» 

AS  BSTEMATBD  : 


from  Bize  of 
basin. 


Yangtze 

HoangHo 

Ganges    .... 

Mekong  .... 

Indus      .... 

Brahmaputra  . 

Irrawaddy 

Tarim      .... 

Oxus       .... 

Rivers  flowing  into  Tibet  lakes 

Salween  .... 

Helmand 

Jazartes 


1 

2 

3 

7 

6 

8 

9 

4 

10 

5 

11 

12 

13 


from  dJBoh&rge 
of  water. 


from  population 
supported. 


1 
2 
3 
5 
7 
6 
4 

10 
8 
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9 

12 
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The  Tarim  basin. 


The  primary  Tvater-pcMrtings. 
Chart  XXXV  has  been  drawn  to  illustrate  the  primary  water-partings  of  the 
high  plateaux.  The  highest  ranges  of  mountainsf  are  shown  by  dotted  lines  with 
heavier  dots  at  intervals  to  symbolise  peaks,  and  the  main  water-partings  are  shown 
by  black  continuous  lines.  In  places  where  the  highest  range  forms  the  main  water- 
parting  a  dotted  line  and  a  continuous  line  have  been  drawn  side  by  side.  The  water- 
parting  between  India  and  Tibet  has  been  shown  by  a  double  line. 

In  order  to  study  this  chart  we  will  commence  with  the  Tarim  basin.  J    The  Tarim 

basin  lies  between  the  Tibet  plateau  and   the  Tian  Shan. 
Its  surface  is  a  sandy  desert,  and  the  Tarim  river,  which 
drains  the  Karakoram,  the  Kuen  Lun,  the  Tian  Shan  and  the  Pamirs,  is  the  only  source  of 
Ufe.     '*  This  great  depression,"  writes  Prince  Kropotkin,  "  is  only  relative  in  comparison 
"with  the  high  plateaux  which  surround  it,  and  represents  on  the  contrary  a  vast  mas- 
**sive  swelling  of  the  Earth's  crust.    In  its  western  portion  it  has  still  an  altitude  of 
"from  3000  to  4000  feet,  and  2600  feet  in  its  lower  part, — the  depression  of  the  Lob  Nor.''§ 
On  the  east  the  ranges  of  the    Tian  Shan  approach  those  of  north-east  Tibet,  and  the 
mouth  of  the  Tarim  basin  becomes  narrow,  but  the  two  systems  of  mountains  do  not 
actually  come  into  contact  at  this  point,  and  the  plains  of  Tarim  are  continued  without 
interruption  into  Mongolia  and  the  deserts  of  Gobi.     The  surface  of  the  desert  inside 
the  basin  is  at  a  lower  level  than  that  of  Gobi  outside. 

*  Rivera  draining  the  northern  slopes  of  the  Tiau  Shan  are  omitted  from  the  table. 

t  Compare  chart  xkxv  with  frontispiece  to  Part  I  and  with  chart  xxni. 

X  Map  of  Turkistan,  1  inch  »  32  miles. 

§  Geographical  Javmal^  Vol.  XXIII,  1904.     The  Orography  of  Ania, 


THE  RIVERS  OF  THE  HIMALAYA  AND  TIBET.  121 

The  rivers  of  Tarim  empty  their  waters  into  the  lagoons  of  Lob  Nor  (see  frontis* 
piece  to  Part  I).  Sven  Hedin  has  shown  that  whilst  these  lagoons  are  getting  choked 
with  sand,  the  desert  on  their  north  is  being  excavated  by  wind :  their  water^  he  says, 
will  ultimately  overflow  and  seek  the  lower  level.  This  has  happened  before,  and  in 
266  A.D.  Lob  Nor  lay  considerably  north  of  its  present  position.  As  the  lakes  move, 
so  do  the  vegetation,  the  animals,  and  the  fisher- folk ;  and  Sven  Hedin  calls  Lob  Nor 
the  oscillating  pendulum  of  the  Tarim  river.'*' 

The  rivers  of  the  Tarim  basin  may  be  divided  into  four  classes : — 

(i)  There  are  the  rivers  rising  in  the  Tian  Shan  mountains.  The  water-parting 
of  the  Tian  Shan  dividing  the  drainage  of  the  Jaxartes  from  that  of  the 
Tarim  is  north  of  the  principal  range  in  one  place  only.f  At  the  peak 
of  Tengri  Khan  (vide  table  vi),  near  the  meridian  of  80°,  the  Tian 
Shan  range  appears  to  bend  to  the  south-west,  and  to  throw  ofE  a  northern 
branch.  The  river  Sariati  drains  the  basin  enclosed  between  the  branch- 
es, and  breaking  through  the  southern  and  principal  range  it  flows  into 
the  Tarim  basin.  The  area  drained  by  the  Sariati  north  of  the  Tian 
Shan  main  range  is  marked  A  on  chart  xxxv. 
(ii)  There  are  the  rivers  that  drain  the  trough  between  the  Sarikol  and  Kash- 
gar  ranges ;  these  have  carved  passages  through  the  latter  and  flow  east- 
ward into  the  Tarim  basin.     The  areas  drained  by  these  rivers  behind 

the  main  Kashgar  range  are  marked  D  on    chart  xxxv. 

These  rivers  are  : — (a)  The  Ulu-Art  (or  Yanymya  or   Muji)  which   drains 

the  whole  trough  north  of  Muztagh  Ata,  and  which  pierces  the  main  range 
by  the  Gaz  defile.  (6)  The  Tashkurgan  river,  which,  rising  north  of 
the  Kilik  pass  on  the  Indus-Tarim  water-parting,  drains  the  trough  south 
of  Muztagh  Ata,  and  passes  eastwards  through  the  Kashgar  range  by 
the  Chiragh  Tar  gorge  60  miles  south  of  the  Gaz  defile.} 
Many  rivers  rise  on  the  eastern  slopes  of  the  Kashgar  range  and  flow  into 
the  sandy  deserts  of  Tarim. 

(in)  The  Yarkand  river,  which  drains  the  area  marked  E  on  chart  xxxv. 

The  Yarkand  river  is  the  largest  and  the  most  important  of  all  the  rivers  of 
Tarim  ;§  it  collects  the  drainage  of  two  parallel  troughs,  the  Karakoram- 
Aghil  trough,  100  miles  long,  drained  by  the  Oprang  tributary,  and  the 
Aghil-Kuen  Lun  trough,  170  miles  long,  drained  by  the  Raskam ;  it. 
pierces  both  the  Aghil  and  Kuen  Lun  ranges,  and  it  carries  water  from 
the  glaciers  of  peak  K*  to  the  lagoons  of  Lob  Nor. 
South-east  of  K*  the  Indus-Tarim  water-parting  leaves  the  main  Karakoram 
range  and  bends  sharply  to  the  north-east :  feeders  of  the  Yarkand  river 


*  Oeographieal  J(Atmal,  Vol.  XXI,  1903.    Three  years*  Exploration  in  Central  Asia. 

t  Not  knowing  how  reliable  the  mape  of  Tian  Shan  may  be,  we  can  only  refer    to  topographical  features  with^ 
diffidence. 

X  The  Chiragh  Tar  gorge  was  explored  by  Rai  Sahib  Bam  Singh  iu  1906. 

I  In  ita  mountain  course  it  is  known  as  the  Raskam  Darya  and  the  Zaraf  shan  river. 

u2 
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receive  the  drainage  of  the  re-entering  angle  thus  formed,  as  far  east 
as  the  meridian  of  78^. 
(iv)  The  Karakash  river  drains  the  area  marked  F  on  chart  xxxv,  and  the 
Kiria  river  drains  the  area  marked  J.  The  Karakash  river  flows  for  100 
miles  in  a  trough  south  of  the  Kuen  Lun,  before  it  pierces  the  range  at 
ShahduUa. 

The  northern  slopes  of  the  Kuen  Lun,  between  the  areas  F  and  J  of  the 
water-parting  chart,  are  drained  by  the  Yurangkash  river :  the  Kara- 
kash and  Yurangkash  are  within  fifteen  miles  of  one  another  when 
passing  the  town  of  Khotan,  but  they  do  not  imite  for  another  80  miles. 

After  their  junction  they  are  called  the  Khotan  river. 

A  vast  number  of  minor  rivers  drain  the  northern  slopes  of  the  Kuen 
Lun  and  lose  themselves  in  the  sands  of  the  desert.* 

The  Yarkand  river  contains  water  all  the  year  round,  but  the  Khotan  river 
remains  dry  during  the  greater  part  of  the  year.  ''  The  Khotan  river," 
writes  Sven  Hedin,  "  flows  through  the  worst  section  of  the  Takla  Makan 
''desert,  and  has  a  far  harder  fight  of  it  with  the  drift  sand  than  its 
"  sister  stream  to  the  west  (Yarkand).  Indeed  the  sand  is  seriously 
threatening  to  choke  it  up  and  cut  it  off  from  the  main  river — a  fate 
which  has  already  overtaken  the  Kiria  Darya,  "f  Sven  Hedin  reached 
the  point  where  the  Kiria  river  died  away  in  the  sand,  ' '  finally  giving 
"up  its  desperate  struggle  against  the  desert." 

The  water-parting  between  the  Tarim  basin  and  the  Tibet  lake-basin  was 
taken  for  chart  xxxv  from  old  maps  and  is  shown  too  far  north  in 
longitude  84°.  According  to  modem  maps  the  water-parting  in  this 
longitude  is  hardly  north  of  latitude  36°,  and  chart  xxiii  is  probably 
more  nearly  correct.  In  the  frontispiece  chart  of  Part  I  the  axis  of  the 
Kuen  Lim  was  shown  too  far  north  in  longitude  84°. 

Chart  xxxv  shows  that  the  Jaxartes  drains  the  western  portions  of  the  Tian  Shan, 

and  that    the    Oxus  drains     the    Pamir    plateau :  the 

The  Jaxartes  and  the  Oaw.         Sarikol  range  f  orms  the  water-parting  between  the   Oxus 

and  the  Tarim. 

The  Hindu  Kush  consists  of  two  parallel  ranges  of  which  the  southern  is  a  westerly 
extension  of  the  Karakoram  fold,  and  carries  the  highest  peaks.  The  northern  how- 
ever forms  the  water-parting  between  the  Oxus  and  the  Indus,  except  for  a  length  of 
60  miles  south-west  of  Tirich  Mir,  where  the  southern  Hindu  Kush  range  is  the  divide.  J 
Further  to  the  west  the  southern  range  becomes  for  a  similar  length  the  water-parting 
between  the  Oxus  and  the  Helmand. 


•  Royiil  Qeographiciil  Society's  map  published  in  Holdich's  Tibet  the  Mysterious, 

t  Sven  Hedin ;  Through  Asia,  1898. 

t  Morth-Wflet  Trans-frontier  Sheet  No.  26,    1   inoi  =  8  miles. 
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The  two  Hindu  Kush  ranges  will  be  seen  from  chart  xxxv  to  enclose  a  long  narrow 
The  Indus  trough,  and  the  drainage   of  this  trough  flows  alternately 

north  and  south.*  On  the  west  the  trough  forms 
the  narrow  basin  of  the  Hari  Rud  river,  flowing  westwards  into  the  desert.  East 
of  the  Hari  Rud  basin  comes  a  portion  of  the  trough  that  is  drained  by  streams  flowing 
northwards  :  then  follows  the  long  area  marked  B  on  the  chart,  which  is  drained  by  the 
Panjshir  tributary  of  the  Kabul  river,  and  which  belongs  to  the  basin  of  the  Indus. 

Thus  in  the  first  instance  the  two  Hindu  Kush  ranges  form  water-partings  enclosing 
a  single  river :  then  the  southern  range  becomes  the  water-parting,  and  subsequently 
throughout  area  B  the  northern  range.  Near  the  meridian  of  71°  occurs  another  change, 
the  southern  range  becoming  the  water-parting  again  and  the  trough  draining  north- 
wards into  the  Oxus.  A  few  miles  west  of  Tirich  Mir  appears  a  third  change,  the  Arkari 
river  rising  in  the  northern  range  and  flowing  into  the  Indus.  Eastwards  from  Tirich 
Mir  the  northern  Hindu  Kush  range  remains  the  water-parting,  and  the  trough 
between  the  ranges  is  drained  by  aflBluents  of  the  Indus-f 

The  Kilik  pass  is  very  near  the  point  of  tri junction  of  the  basins  of  the  Tarim, 
.  the  Oxus  and  the  Indus:  j;  from  this  locality  rivers  take  three  different  directions ;  the 
Pan]  branch  of  the  Oxus  flows  towards  the  west,  the  Tashkurgan  tributary  of  the  Tarim 
flows  east,  and  the  Hindu  Kush  feeders  of  the  Indus  flow  south. 

The  long  area  marked  C  on  chart  xxxv  stretching  east  from  Tirich  Mir  is  drained  by 
the  Kunar,  Gilgit  and  Hunza  rivers,  which  force  separate  passages  through  the  Kara- 
koram  range  :§  the  two  latter  unite  near  Gilgit  and  eventually  join  the  Indus  at  its 
knee-bend  above  Bunji.  The  range  which  forms  the  water-parting  in  rear  of  the  area 
0  is  lower  than  the  main  range  to  the  south. 

The  area  marked  H  is  drained  by  the  Shyok  tributary  of  the  Indus  :  the  water- 
parting  north-east  of  H  will  be  seen  to  be  in  the  same  alignment  as  the  water-parting 
north-east  of  C,  and  it  has  been  surmised  that  the  two  are  perhaps  different  portions 
of  one  range ;  if  this  proves  to  be  the  case  it  will  furnish  another  example  of  how  a  water- 
-parting alternates  between  one  and  the  other  of  two  parallel  ranges,  clinging  to  the 
north-eastern  range  behind  areas  C  and  H,  and  to  the  Karakoram  in  the  interval. 

The  water-parting  in  Tibet  between  the  Karakash  tributary  of  the  Tarim  (area  F) 
and  the  Shyok  tributary  of  the  Indus  (area  H)  is  however  not  in  all  places  a  mountain 
range,  as  the  following  extracts  from  a  letter  from  Mr.  Shaw  to  Sir  Roderick  Murchison 
will  show : — 1|  "  What  was  my  astonishment  after  walking  a  few  yards  to  find  some  water 
"  trickling  westwards  towards  the  mountains.  I  had,  therefore,  already  passed  the 
"  imperceptible  watershed  between  the  great  river  systems  of  the  Indus  and  of  Central 
"  Asia.    Beyond  the  lake  we  had  just  passed,  the  waters  feed  the  Karakash ;  while   the 


•  The  longitudinal  section  in  chart  xx   shows   the  portion  of  the  southern  Hindu  Kush  range  that  forms  the   water- 
parting  between  Indus  and  Oxus. 

t  Map  of  Afghanistan,  1  inch  =  16  miles. 

X  Northern  Trans- frontier  Sheet  No.  2,  1  inch  =  8  miles. 

§  See  longitudinal  section  in  chart  xx. 

il  Proctfdings,  Royal  Oeograpkieal  Society,  Vol.  XV,  1870-71. 
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''  tricklmg  Btream  which  I  had  reached  pierces  the  great  Hmestone  range  and  much 
*^  augmented  on  the  way  runs  through  the  rocky  gorges  into  the  Shyok,  which  is  one 
"of  the  chief  sources  of  the  Indus." 

^ '  Thus  the  great  water  systems  of  southern  and  of  Central  Asia  are  here  separated 
"  by  no  gigantic  mountain  range,  but  merely  by  a  few  yards  of  level  sand,  at  a  prodigious 
^elevation  it  is  true." 

Between  the  area  H  and  the  Aling  Kangri  the  Kailas  range  is  believed  to  be  the 
Indus-Tibet  water-parting. 

The  great  Himalayan  range  runs  north-westward  from  the  Badrinath-Gangotri 
peaks  to  Nanga  Parbat,  and  west  of  the  meridian  of  78^  both  its  faces  are  drained  by 
feeders  of  the  Indus  :  it  may  be  argued  then,  that  this  range  south-east  of  Nanga  Parbat 
should  not  have  been  shown  on  chart  xxxv  as  a  primary  water-parting,  the  whole  region 
being  in  the  basin  of  the  Indus.  But  we  have  not  accepted  this  view;  we  are  treating 
in  this  paper  of  the  Himalaya  and  Tibet,  and  not  of  the  hydrography  of  Asia :  the  Punjab 
Himalaya  form  a  water-parting  between  great  Himalayan  rivers, — the  Indus  on  one  side 
and  the  Jhelum  and  Chenab  on  the  other ;  and  the  fact  that  the  Jhelum  and  Chenab 
subsequently  join  the  Indus  in  the  south-west  of  the  Punjab  does  not  affect  the 
question.  The  coincidence  of  the  Indus-Chenab,  and  of  the  Indus- Jhelum  water-partings 
with  the  crest-line  of  the  Punjab  Himalaya  presents  a  most  interesting  contrast  to 
the  divergence  that  obtains  in  the  Kumaun,  Nepal,  and  Assam  Himalaya. 

The  rainfall  on  the  Indian  side  of  the  Punjab  Himalaya  is  greater  than  on  the  Tibetan 
side,  and  the  slopes  on  the  Indian  side  are  steeper  than  on  the  Tibetan.  The  tributaries 
then  of  the  Chenab  and  Jhelum,  descending  from  the  crest-hne,  should  have  greater 
volumes  and  velocities,  and  should  be  able  to  deepen  their  channels  and  expand  their 
basins  more  rapidly  than  the  feeders  of  the  Indus  on  the  opposite  side  of  the  crest,  and 
the  water-parting  should  now  be  slowly  retiring  towards  the  Indus.  But  if  this  process 
had  been  actually  in  operation,  the  water-parting  would  be  a  more  sinuous  line  than  it  is. 

There  are  but  two  sinuosities  in  the  crest-line  of  the  Punjab  Himalaya.  The 
first  is  in  the  shape  of  an  S,  of  which  the  Nun  Kun  peaks  form  the  central 
point :  on  the  south  of  the  Nun  Kun  the  water-parting  is  being  shifted  towards  Tibet, 
but  on  the  north  it  appears  to  be  moving  towards  India.  The  second 
sinuosity  has  been  caused  by  the  Rupal  glacier  cutting  back  from  the  north 
immediately  south  of  Nanga  Parbat,  and  in  this  instance  the  water-parting 
is  being  shifted  towards  India  and  not  towards  Tibet.  The  Punjab  Himalaya  thus 
furnish  an  interesting  example  of  a  range,  on  which  the  water-parting  seems  in  places 
to  be  moving  towards  the  side  of  greater  rainfall  and  steeper  slopes. 

The  area  marked  L  is  drained  by  feeders  of  the  Sutlej ;  and  that  marked  K  by 
TheSutiej  *^^   ^P^*^   tributary   of   the   Sutlej.     The   area   marked 

Z  denotes  the  Manasarowar  basin. ''^ 


•  Northern  Frontier  Sheet  No.  14  S.  W.,  1  mch=4  miles. 
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As  will  be  described  hereafter,  the  Manasarowar  lakes  overflow  at  times  into  the 
'Sutlej  and  on  chart  xxxi  the  lake-basin  has  been  included  in  the  area  drained  by 
the  Sutlej.  If  the  Manasarowar  lakes  had  been  held  to  belong  to  the  Tibet  lake-basin, 
the  double  line  of  chart  xxxv  would  have  been  made  to  encircle  them. 

The  drainage  system  that  obtains  between  Manasarowar  and  the  great  Himalayan 
range  is  complex.  The  Ganges  and  the  Kali  drain  the  northern  slopes  of  the  great 
range  in  Kumaun,  the  Zaskar  range  forming  the  limit  of  their  basins  in  Tibet.  The 
water-parting  between  the  areas  Z  and  M  is,  however,  not  the  Zaskar  but  the  Ladak 
range.  The  area  L  is  drained  by  the  Sutlej  flowing  north-west,  and  the  area  M  by  the 
Kamali  flowing  south-east,  the  Sutlej  and  Earnali  basins  being  in  contact  across  the 
'  Tibetan  plains.  The  Zaskar  range  separates  the  basins  of  the  Sutlej  and  Kamali  on 
the  one  side  from  those  of  the  Ganges  and  the  Kali  on  the  other.  The  Sutlej  and  Karnali 
drain  the  trough  between  the  Zaskar  and  Ladak  ranges,  and  the  Ganges  and  Kali  drain 
that  between  the  Zaskar  and  the  Great  Himalayan  ranges.  The  Ganges  and  Kali  rise 
behind  the  Great  Himalayan  range  but  not  behind  the  Zaskar ;  the  Sutlej  and  the 
Kamali  rise  behind  the  Zaskar  range,  and  their  basins  touch  behind  the  basins  of  the 
'  Ganges  and  the  Kali.'*' 

The  areas  M,  N,  P  and  R  are  all  drained  by  tributaries  of  the  Ganges  of  Bengal  which 

Th  G         f  B     ai  t  ^^^  ^  *^®  Ladak  range  behind  the  great  Himalaya  and 

pierce  the  latter.  East  of  Nampa  there  is  no  range  like  the 
Zaskar  intervening  between  the  great  Himalayan  and  Ladak  ranges,  and  the  drainage  is 
less  difficult  to  unravel.  The  parallelism  here  of  the  water-parting  and  the  great 
Himalayan  range  is  very  marked ;  it  seems  to  indicate  that  the  water-parting  is  following 
an  original  axis  of  elevation. 

Near  Chumalhari  the  great  range  becomes,  for  a  short  length  only,  the  water-part- 
^  «  ^       ^  ing  between  India  and  the  Brahmaputra  in  Tibet.!  In  the 

The  Dratunaputra.  ^  ^  x  -r 

Assam  Himalaya  the  area  S  behind  the  great  Himalayan 
range  is  drained  by  the  Assam  rivers  Raidak  and  Manas.  The  Ladak  range  forma 
the  water-parting  between  the  Ganges  of  Bengal  and  the  Brahmaputra  throughout  the 
areas  N.  P,  R  and  S,  all  of  which  are  drained  by  rivers  which  pierce  the  Great  Himalayan 
range  and  flow  southwards :  but  near  Chumalhari  occurs  the  solitary  exception ;  here 
the  Nyang  river  pierces  the  Ladak  range  and  flows  northwards  into  the  Brahmaputra.§ 

The  water-parting  between  the  Indian  and  Tibet  basins  cannot  be  drawn  with  cer- 
tainty :  in  places  it  is  without  doubt  the  Kailas  range,  but  the  latter  has  been  cut  through 
from  the  north  by  feeders  of  the  Brahmaputra  whose  basins  have  not  been  determined. 
The  Lhasa  river,  the  Charta  and  others  drain  the  trough  north  of  the  Kailas  range,  and 
pierce  the  Kailas  range  in  the  same  way  as  the  Himalayan  rivers  pierce  the  Himalayan 

•  The  basins  of  these  rivers  are  described  in  detail  hereafter. 

-t-  We  must  endeavour  to  avoid  confusion  from  a  double  use  of  the  name  Ganges  :  we  have  in  ohart  zxiv  applied  the 
name  Ganges  to  the  Himalayan  basin  drained  by  the  river  above  Hardwar :  but  in  Part  III  we  have  employed  the  name 
Ganges  to  include  the  whole  basin  drained  by  the  Ganges  of  Bengal  and  its  tributaries.  Both  applications  are  oorreot» 
and  the  context  must  be  trusted  to  indicate  the  meaning  in  each  case. 

t  North  of  Chumalhari  is  a  small  lake-basin  containing' the  Kala  Tso.  See  Ryder's  note  on  overflows  from  this  basin  in 
his  iZepor^  (n^  Survey  operations  with  the  Tibet  Frontier  commission,  1904. 

S  North-Eastem  Frontier  sheet  No.  7  N.  W.,  1  inch=4  miles.  North-Eastem  Frontier  sheets  Nos.  6  N.  W.,  6  S.  W., 
^N.  E.,6  S.-E.,  1   inch=4  miles. 
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ranges.     Their  waters  flow  into  India  and  their  basins  belong  not  to  Tibet  but  to  the 
Brahmaputra. 

From  the  basin   of   Tibet   (charts   xxm  and  xxxv)  no  water  escapes  to  the  sea. . 
-«.    ,    ^  ^   .    X  ^M- .  In  the    interior    of    the    plateau    the    troughs    contain 

The  dosed  t>asin  of  Tibet  ^  ^ 

long  series  of  lakes.    Several  rivers  of  considerable  volume 
are  known  to  rise  in  Tibet,  and  to  empty  their  waters  into  one  or  other  of  its  lakes. 

The  rainfall  over  the  basin  was  doubtless  greater  in  former  ages  than  at  present : 
the  rise  of  the  great  Himalayan  range  during  recent  geological  periods  must  have  cut 
oif  much  of  the  rain  that  would  have  formerly  reached  Tibet.  The  clouds  laden, 
with  moisture  from  the  Indian  Ocean  now  drop  the  greater  portion  of  their  burden  on 
the  outer  Himalayan  ranges :  each  successive  range  receives  less  rain  than  the  one 
immediately  exterior  to  it.  Central  and  western  Tibet  are  consequently  sterile  regions  j . 
eastern  Tibet,  however,  is  watered  by  rain-bearing  winds  from  the  Pacific  Ocean. 

In  drawing  chart  xxin  we  were  in  doubt  whether  the  inland  basins  of  Tsaidam 
and  Koko  Nor  should  be  included  as  part  of  the  closed  basin  of  Tibet  or  not.  We 
have  excluded  them,  and  on  this  chart  they  form  part  of  the  area  allotted  to  the 
Mongolian  lakes. 

If  the  Tibet  lake-basin  is  held  to  include  the  whole  elevated  area  from  which  no 
water  escapes  to  the  sea,  then  Tsaidam  and  Koko  Nor  perhaps  belong  to  it :  Tsaidam 
is,  however,  6000  feet  and  Koko  Nor  4400  feet  lower  than  Tibet. 

The  closed  basin  of  Tsaidam  is  in  contact  with  the  closed  basin  of  Tibet  on  one 
side,  and  with  the  closed  basin  of  Koko  Nor  on  the  other,  and  the  three  form  one 
continuous  area  encircling  the  upper  Yangtze  and  Hoang  Ho.  But  continuity  of  area 
does  not  justify  the  assumption  that  the  three  enclosed  basins  are  parts  of  one  geogra- 
phical whole,  for  the  inland  basins  of  Tarim  and  Mongolia,  neither  of  which  possesses 
any  outlet  for  drainage,  are  also  in  contact  with  Tsaidam  and  Koko  Nor. 

The  Kuen  Lun  range  separates  Tsaidam  from  Tibet,  and  we  have  taken  this 
range  to  be  the  north-eastern  boundary  of  the  Tibet  lake-basin :  the  basins  of  the 
Yangtze  and  Hoang  Ho  separate  Koko  Nor  from  Tibet. 

The  Tibet  lake- basin,  it  will  thus  be  seen,  does  not  coincide  with  the  Tibet 
plateau  :  the  plateau  includes  besides  the  lake-basin  the  upper  valleys  of  the  Indus, 
Yangtze,  Hoang  Ho,  Salween  and  Brahmaputra  and  the  outlying  plains  of  Tsaidam 
and  Koko  Nor :  the  lake-basin  consists  only  of  the  compact  portion  of  the  Tibet 
interior  that  has  no  outlet  for  drainage.* 

The  peculiar  feature  of  the  Irrawaddy  (chart  xxiii)  is  its  immense  volume  of  water 

in  northern  Burma  :  Mr.  Gordon  estimated  the  high  flood 
The  Irrawaddy.  discharge  of  this  river  above  Bhamo  as   1 000000   cubic 

feet  per  second :   its  width  at  Bhamo  is  six  miles. 


•  An  idea  of  the  shape  and  size  of  the  Tibet  plateau  can  be  obtained,  if  we  recollect  the  longitudes  of  three  of  ite  principal 
lakes.  Pangong,  the  extreme  western  lake  of  the  plateau,  is  in  longitude  80^:  Nam  Tso  (Tengri  Nor)  at  the  south-eastern 
comer  of  the  Tibet  baain  is  in  longitude  90°  :  Koko  Nor  at  the  extreme  north-eastern  comer  of  the  plateau  ia  i& 
longitnde  100^ 
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The  catchment  basin  above  Bhamo  has  according  to  modem  maps  an  area  of 
18000  square  miles,  and  is  smaller  than  the  Himalayan  basins  of  the  Kosi,  the  Kamali 
or  the  Sutlej.  Its  immense  discharge,  issuing  as  it  appears  to  do,  from  the  drainage 
of  a  small  area  led  Mr.  Gordon  to  believe,  that  the  old  Chinese  surveyors  had  been 
right,  and  that  the  Sangpo  of  Tibet  flowed  into  the  Irrawaddy. 

During  the  latter  half  of  the  nineteenth  century,  however,  geographical  evidence 
continued  to  accumulate,  and  the  identity  of  the  Sangpo  of  Tibet  with  the  Brahma- 
putra of  India  has  now  been  proved. 

General  Walker  has  endeavoured  to  account  for  the  great  volume  of  the  Irrawaddy 
by  assuming  that  the  Lu  river  of  Tibet  flows  into  it.  The  Lu  had  always  been  sup- 
posed to  be  the  upper  course  of  the  Salween,  and  General  Walker  was  led  to  adopt 
his  view  by  the  account  of  the  explorer  Kishen  Singh,  who  described  the  Salween  southr 
of  latitude  30°  as  an  insignificant  stream.  But  the  casual  observations  of  explorers  are 
unsafe  data,  and  General  Walker's  view  has  not  been  accepted  by  geographers. 

What  Kishen  Singh  did  prove  was  that  no  Tibetan  river  west  of  the  Lu  was  flow- 
ing into  the  Irrawaddy.  In  1895  Prince  Henry  of  Orleans  marched  across  from  South- 
em  China  into  Assam  :  he  crossed  the  Mekong  and  the  Salween,  but  not  the  Irrawaddy  :. 
he  stated  that  the  most  northern  branch  of  the  Irrawaddy  rises  in  a  latitude  not 
higher  than  28°  30'.* 

The  parallelism  and  proximity  of  the  Yangtze,  the  Mekong  and  the  Salween  in 

their  exits  from  Tibet  are  amongst    the    most    extra- 

The  three  rivers    of  south-eastern  , .  p     x  ^  a.i_  _^t_  >    i       j         p  -l      p  ^  -l 

nbct.  ordmary  features  of  the  earth  s  land  surface  :  each  of  these 

rivers  drains  a  large  area  of  eastern  Tibet  (chart  xxiii), 
and  on  the  surface  of  the  plateau  they  flow  at  considerable  distances  from  one  another.. 
But  during  their  descent  they  bend  to  the  east-south-east,  and  assume  absolutely 
parallel  courses,  the  Mekong  in  the  centre  being  28  miles  from  the  Yangtze  and  20- 
miles  from  the  Salween.  Here  then  are  three  trunk  rivers,  each  larger  than  the  Sutlej,. 
flowing  through  a  mountain  zone  48  miles  wide. 

In  1880  Kishen  Singh  crossed  the  three  parallel  rivers  near  latitude  30° :  of 
the  Yangtze  he  wrote : —  "At  10  a.m.  we  crossed  the  Di  Chu,  here  about  300  paces 
"  wide  and  having  a  rapid  current." 

Of  the  Mekong  he  wrote  : — "  The  arrangement  for  crossing  consists  of  a  thick 
"  leather  rope  stretched  very  tight  from  an  elevated  point  on  one  bank  to  a  lower 
"  level  on  the  opposite  bank.  The  length  of  the  rope-bridge  was  estimated  to  be 
'*  about  130  paces." 

Of  the  Salween  he  wrote : — "  We  crossed  the  river  Giama  Nu  Chu,  also  called 
**  Nu  Chu,  which  is  deep  and  rapid  and  about  200  paces  wide." 

Since  Mr.  Hennessey  published  his  account  of  Kishen  Singh's  explorations,  the 
^    ^  ,  Tibetan  course  of  the  Salween  has  been  shown  on  maps 

Tne  Salween.  ^  ^ 

ds  the  Giama  Nu  Chu.     No  reliable  observer  has  as  yet 
traced  the  course  of  the  Salween  from  its  source  in  Tibet  to  the  point  where  it  appears 

•  Oeographieal  Journal^  Vol  VII,  1896. 
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in  Burma.  At  its  exit  from  Tibet  it  is  shown  on  maps  to  be  confined  between  two 
mountain  ranges,  and  as  possessing  no  affluent  for  200  miles.  If  geographers  are 
justified  in  doubting  still  the  identity  of  the  Sangpo  of  Tibet  with  the  Brahmaputra, 
when  40  miles  of  its  course  alone  remain  unexplored,  how  much  greater  uncertainty 
must  they  feel  over  the  identity  of  the  Lu  river  of  Tibet  with  the  Sal  ween  of  Burma, 
when  the  unexplored  link  exceeds  200  miles. 

The  geography  of  the  Salween  has  been  rendered  obscure  by  the  multitude  of 
names  which  have  been  applied  to  its  supposed  upper  courses.  "  It  is  mentioned," 
writes  Mr.  Gordon,  "  in  the  Yuking  of  China  2200  B.C.,  as  the  Black  River  issuing  from 
*'  the  Black  Lake  of  Tibet,  where  it  has  already  had  a  long  course  from  the  Northern 
"  Himalaya  through  the  high  plains  of  the  great  lake  region,  as  the  Target  or  Shyal 
"  river,  and  it  successively  takes  the  names  of  Nag  Chu  Kha,  of  Lu  Chu  and  of  Nu  Chu 
"  and  finally  emerges  from  the  plateau  in  about  latitude  26°  as  the  Salween."* 

In  his  report  on  the  trans-Himalayan  explorations  of  1873-74-75  Colonel  Trotter 
expressed  doubts  as  to  whether  the  Nag  Chu  Kha  of  Tibet,  which  Mr.  Gordon  assumes 
to  be  a  feeder  of  the  Salween,  was  not  a  branch  of  the  Yangtze  or  the  Mekong. 

In  the  map  published  by  the  Royal  Geographical  Society  in  1894,  the  river  which 
rises  in  Tibet  north-east  of  lake  Tengri  Nor  was  made  in  accordance  with  General 
Walker's  views  the  upper  course  of  the  Irrawaddy.  The  exploration  of  Prince  Henry 
of  Orleans  led  to  the  basin  of  the  Salween  being  largely  expanded  in  maps  of  Tibet  and 
that  of  the  Irrawaddy  being  greatly  reduced. 

The  Neg  Chu  Kha  of  Tibet,  which  is  now,  and  perhaps  prematurely;  identified 
j^   y,^  on    maps  with    the    Salween,   was  crossed  by  Fathers 

Hue  and  Gabet,  who  were  told  that  it  was  the  Mekong. 
According  to  Dutreil  de  Rhins,  who  believed  that  he  had  traced  the  Mekong  to  its 
source,  its  Tibet  name  is  the  Chiamdo  Chu.  Other  names  are  however  applied  to 
the  Mekong,  notably  the  Da  Chu  and  the  Nam  Chu. 

Whilst  we  owe  much  to  the  intrepid  explorers  who  have  penetrated  eastern  Tibet, 
our  geographical  knowledge  of  this  region  is  stiU  very  imperfect.  We  have  not  yet 
ascertained  the  true  positions  of  the  sources  of  the  Salween  and  the  Mekong  (chart 
xxin),  and  future  surveys  will  probably  discover  great  errors  in  existing  maps. 
The  problem  has  been  complicated  by  the  convergence  of  the  Salween,  the  Mekong  and 
the  Yangtze  as  they  issue  from  Tibet :  when  the  courses  of  three  great  rivers  lie 
within  50  miles  of  one  another,  it  is  hardly  possible  for  an  explorer  to  decide  to  which 
of  the  three  a  very  distant  feeder  belongs,  unless  he  follows  the  stream  down  :  hitherto 
explorers  have  only  crossed  the  rivers  at  right  angles,  and  none  have  yet  succeeded  in 
following  their  courses. 

Mr.  Gordon  estimated  the  discharges  of  the  Salween,  Mekong  and  Irrawaddy 
in  the  same  latitude  to  be  in  the  proportions  of  one,  three  and  nine.f 


♦  Proceedings,  Royal  Oeographieal  Society,  Vol.  VII,  1886. 
t  Proceedings,  Roycd  Geographical  Society,  Vol.  IV,   1882. 
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.    The  Yangtze  is  the  largest  river  of  Asia,  and  it  traverses  the  most  thickly  populated 
The  Yangtze  provinces  of  China.    It  is   over  3000  miles   in  length 

and  is  navigable  for  600  miles.  It  rises  in  eastern  Tibet^ 
and  its  source  is  believed  to  be  west  of  longitude  90°,  further  west  than  the  sources 
of  the  Hoang  Ho,  Mekong  or  Salween  (chart  xxiii). 

It  is  known  in  Tibet  as  the  Di  Chu,  and  as  the  Dre  Chu,  and  as  the  Ndu  Chu,  and  aa 
the  Murui-ussu*  In  its  Tibetan  course  it  flows  eastwards  for  500  miles,  and  then 
bending  to  the  south  it  is  confined  for  a  great  distance  between  two  close  parallel 
ranges,  running  at  right  angles  to  the  direction  of  the  Himalaya. 

In  1873  Prejevalsky  reached  a  point  on  the  Tibetan  course  of  the  Yangtze  in  lati- 
tude 34°  43'  and  longitude  94°  48',  and  13143  feet  above  sea-level :  it  is  here  that  the 
two  principal  Tibetan  branches  of  the  Yangtze  join,  the  Napchitai-ulan-muren  rising 
in  the  Kuen  Lun  range  on  the  north,  the  Murui-ussu  flowing  from  a  lake  from  the 
west.  Prejevalsky  described  the  river  as  a  rapid  torrent,  6  to  7  feet  deep  and  750  feet 
wide ;  from  bank  to  bank  the  bed  of  the  river  was  a  mile  wide  and  in  the  rainy  season 
the  whole  expanse  was  under  water.* 

In  1879  Prejevalsky  crossed  both  the  great  tributaries  above  their  point  of  con- 
fluence :  the  Napchitai-ulan-muren  he  struck  in  latitude  35°  20',  longitude  93°  10\ 
and  the  Murui-ussu  in  latitude  33""  50',  longitude  92°  20'.  He  followed  an  affluent  of 
the  latter  almost  to  its  source  at  16400  feet  in  the  Tangla  range. 

Part  II  of  this  paper  (page  110)  will  have  shown  how  little  is  known  of  this  Tangla 
range  of  Tibet :  it  is  drawn  in  the  frontispiece  to  Part  I  in  latitude  33°,  and  it  forms  the 
water-parting  between  the  Yangtze  and  Salween.  The  Tibetan  basin  of  the  Yangtze  is 
bounded  by  the  Kuen  Lun  range  on  the  north  and  the  Tangla  range  on  the  souths 
and  is  250  miles  broad. 

East  of  longitude  94°  the  Baian  Kara  Ula  range  separates  the  basins  of  the 
Yangtze  and  Hoang  Ho,  and  forces  the  former  river  to  bend  to  the  south. 

In  1879  the  explorer  Kishen  Singh  crossed  the  Murui-ussu  branch  of  the  Yangtze 
in  Tibet :  he  described  it  as  flowing  in  seven  channels  each  about  40  paces  wide, 
the  entire  river-bed  having  a  width  of  800  paces :  the  greatest  depth  was  3  feet,  and 
the  height  above  sea-level  14040  feet.f 

The  Hoang  Ho  rises  about  longitude  95°  in  the  trough  between  the  Shuga  and 
The  Hoan    Ho  Baian  Kara  Ula  ranges.    The  Shuga  range  separates  the 

basin  of  the  Hoang  Ho  from  the  marshy  depression  of 
Tsaidam,  and  the  Baian  Kara  Ula  forms  its  water-parting  from  the  Yangtze.  In  this 
trough  the  Hoang  Ho  is  divided  into  two  or  three  channels,  each  from  70  to  90  feet  wide 
and  two  feet  deep  at  the  fords.  Further  east  it  passes  through  the  great  Tibetan  lakes 
of  Tsaring  and  Oring,  13704  feet  above  the  sea,  and  then  making  a  sharp  bend  to  avoid 


♦  N.  Prejevalsky  :  Mongolia,  Vol.  II,  1876. 

t  Mr.  Hennessey's  report  on  the  Explorations  of  A-K  in  great  Tibet  and  Mongolia. 
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the  snowy  Amneh-machin  range,*  bursts  through  the  chains  of  the  Kuen  Lun  and 
hurries  on  to  China  proper.f    It  is  known  in  Tibet  as  the  Ma  Chu. 

Feeders  of  the  Hoang  Ho  drain  the  exterior  slopes  of  the  mountain  chains,  which 
encircle  Koko  Nor,  the  great  lake  of  north-eastern  Tibet,  but  there  is  no  connection 
between  the  lake  and  the  river :  in  one  place  the  water-parting  stands  only  1000  feet 
Above  the  level  of  the  lake. 

At  3500  feet  above  the  sea  the  Hoang  Ho  is  1421  feet  broad.J' 


*  This  IB  perbapB  a  prolongation  of  the  Shuga  range,  and  in  pieroing  it  the  Hoang  Ho  escapes  from  its  original  trough  after 
the  manner  of  the  Himalayan  rivers. 

t  Proceedings,  Royal  Oecgrapkical  Society,  VoL  IX,  1887.    Prejevalsky's  journeys  and  discoveries  in  Central  Asia,  by  Ddmar 
Morgan, 

X  Prtjevalfd^y. 
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THE  HIMALAYAN  RIVERS :  INTRODUCTION. 

The  Himalaya  mountains  from  Afghanistan  to  Burma  are  drained  by  nineteen 
principal  rivers,  the  drainage  areas  of  which  are  illustrated  in  charts  xxiv  to  xxxiv. 
*C!hart  xxiii  furnishes  an  index  to  the  several  river  charts.  Eight  section  lines  have 
been  drawn  across  the  index  chart :  they  indicate  the  positions  of  the  eight  cross- 
sections  of  the  great  Himalaya  given  in  charts  xi  v  and  xv  of  Part  II,  and,  if  scrutinised, 
they  wiU  be  found  to  explain  the  positions  given  to  the  different  Tibetan  troughs  in  the 
cross-sections. 

In  describing  the  nineteen  rivers  of  the  Himalaya  we  might  have  commenced  at 
either  end  of  the  range  and  taken  the  rivers  in  their  geographical  order.  It  was  found 
more  convenient,  however,  to  start  from  the  centre  near  Simla,  and  to  take  the  rivers 
in  order,  j&rstly  from  west  to  east,  and  then  to  return  to  Simla  and  to  complete  the 
remainder  from  east  to  west.  By  this  arrangement  the  river  Jumna  comes  first  (see 
-chart  xxiii),  and  the  Ganges  second,  and  when  the  Brahmaputra  has  been  reached,  we 
return  to  the  Sutlej,  and  end  with  the  Indus. 

Though  there  may  be  certain  objections  to  classifying  rivers  by  magnitude,  when 

the  limits  of  the  several  orders  of  magnitude  are  arbitrary,  yet  it  is  a  course  that  has 

many  advantages.      It  corrects    erroneous  preconceptions,    it    gives  true  ideas  of 

proportion,  and  it  helps  to  save  us  from  the  mental  confusion  that  long  lists  of  new 

^nd  meaningless  geographical  names  are  apt  to  produce. 

We  have  therefore  divided  the  Himalayan  rivers  into  six  orders  of  magnitude, 
"^classifying  them  by  the  dimensions  of   the  mountainous  areas  they  drain. 


Table  XXX. — The  Rivers  of  the  Himalaya. 


Name  of  river. 


Indus 


Brahmaputra  . 


Kosi 

Kamali  . 
Sutlej     . 


Order  of  magni- 
tude. 


I 


^Second 


Himalayan  area 

included  in  the 

catchment  basin. 


Square  miles. 

103823 


99246 


23992 
20623 
18554 


Total  discharge 
of  water  in  one 
year  (esti- 
mated*). 


9 
15 


8 


8 


3-5 


Ratio  ot  discharge 
to  area,   taking 
that  of  the  Ravi 
to  be  unity. 


0-3 
0-5 


1-1 


1-1 


0-6 


*  The  numbers  in  this  column  do  not  represent  any  actual  unite  of  measure.  The  total  discharge  of  the  river  Ravi 
has  been  taken  as  unity ;  and  the  numbers  opposite  the  other  rivers  show  the  ratios  of  their  discharges  to  that  of  the  Ravi. 
These  numbers,  it  must  be  noted,  are  almost  ivll  dependent  on  short  observations  and  rough  estimates. 
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Table  XXX.— The  Rivers  of  the  Himalaya — contd. 


Name  of  river. 

Order  of  magni- 
tude. 

• 

1 

Himalayan  area 
included  in  the 
catchment  basin. 

Total  discharge 
of  ynXat  in  one 
year  (esti- 
mated). 

Ratio  of  discharge 

to  area,  taking 
that  of  the  Ravi 
to  be  unity. 

1 

Square  miles. 

Gandak ' 

"V 

14653 

7 

1-4 

Jhelum  ..... 

.Third 

13030 

5-5 

1-3 

Manas              .                  ^        . 

J 

12380 

unknown 

•    a    •    • 

1 
Chenab 

"V 

10588 

5-5 

1-6 

Raidak 

-  Fourth 

10161 

unknown 

•  •  .  . 

Ganges   ..... 

J 

8949 

5-5 

1-6 
2-0 

Kali 

■X 

'6318 

4 

Beas 

-Fifth 

5663 

1 

2-5 

1-3 

Tista 

4823 

3 

1-9 

Jumna   ..... 

> 

4546 

2 

1-3 

Ravi 

i 

3123 

1 

1-0 

Ramganga       .... 

.Sixth 

,2611 

•      •      •      • 

1 
1 

•    a    *    . 

Rapti 

2406 

'                                           •      •      •      • 

.    .    a    • 

Baghmati        .... 

^ 

1597 

1 

.    .    .    • 

The  discharges  of  Himalayan  rivers  have  not  been  sufficiently  observed  to  justify 
any  close  study  of  the  results  obtained.  The  discharges  of  the  smaller  rivers  vary 
from  nothing  at  all  in  the  hot  season  to  thousands  of  cubic  feet  per  second  in  the  rains ; 
their  beds  may  remain  dry  for  months,  and  be  flooded  for  a  few  days  in  the  year.  It  is 
not  possible  under  such  circumstances  to  deduce  any  average  values  of  daily  or  monthly 
discharges.  The  discharges  of  the  larger  rivers  that  have  sources  in  glaciers  never 
cease  entirely,  but  their  variations  are  yet  sufficiently  large  to  render  averages  mean- 
ingless. The  discharge  of  the  Indus  will  vary  from  9000  cubic  feet  a  second  to  a 
million,  and  in  almost  all  the  Himalayan  rivers  the  maximum  discharge  is  100  times  as 
great  as  the  minimum.  Spasmodic  observations  of  discharges  possess  but  little  value : 
before  we  can  compare  two  rivers,  the  diurnal  and  seasonal  and  long-period  variations 
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in  their  discharges  are  required  to  be  known,  and  these  can  only  be  ascertained  by 
systematic  measurements. 

The  nomenclature  of  the  rivers  of  Asia  is  a  source  of  perpetual  trouble.     In  certain 

regions  the  main  channel  of  a  river  assumes  a  different 

Nomenclature.  ^ 

name  after  every  bend  ;  Chitral,  Asnar,  Yasin,  Kunar  and 
Mastuj  are  all  names  given  to  the  same  river.  Tashkurgan,  Taghdumbash,  Dangubash, 
Sarikol,  Karat-chukor,  Tisnaf,  Chiragh  Tar  and  Almaligh  are  all  names  applied  to 
one  river.  In  Ladak  the  Indus  is  known  by  many  names :  so  is  the  Sutlej.  The 
names  Kamali,  Gogra,  Sarda  and  Kurriali  all  belong  to  one  river,  and  these  in  addition 
to  its  purely  Tibetan  names. 

Where  two  main  affluents  join,  the  combined  stream  is  frequently  given  a  name 
differing  from  either  tributary,  but  this  system  has  many  advantages  to  recommend  it. 
Ganges  is  the  name  given  to  the  river  formed  by  the  junction  of  the  Alaknanda  and 
Bhagirathi,  and  no  one  would  suggest  that  any  of  these  three  names  is  superfluous. 
But  to  change  the  name  of  a  main  river  after  its  junction  with  every  feeder,  or  upon 
its  approach  to  every  town,  is  a  course  that  cannot  be  justified  in  geography. 

Multiplicity  is,  however,  not  the  only  source  of  confusion,  for  whilst  it  is  common 
for  a  river  to  be  given  many  names,  it  is  equally  common  for  the  same  name  to  be 
given  to  different  rivers.  The  names  Sarju,  Ramganga,  Kali,  Dhauli,  Kosi,  Sarda  are 
all  applied  to  more  than  one  Himalayan  river  ;  the  great  Kali  river  for  instance  has 
the  alternative  name  of  Sarda,  but  the  neighbouring  river  Karnali  is  also  called  the 
Sarda.  One  of  the  upper  feeders  of  the  Kali  in  Kumaun  is  the  Dhauli,  and  the 
principal  affluent  of  the  Alaknanda  in  Kumaun  is  the  Dhauli.  Two  rivers  rise  at 
a  pass  in  the  Alai  valley  and  flow  in  opposite  directions,  one  towards  the  east  and  one 
towards  the  west :  both  are  named  the  Kizil-su.  It  would  be  wearisome  to  mention  all 
the  numerous  cases  of  one  and  the  same  name  being  applied  to  different  rivers  : 
instances  are  to  be  found  in  every  mountain  tract  of  Asia. 

In  order  to  place  the  geography  of  High  Asia  on  firmer  foundations  two  reforms  in 
river  nomenclature  are  necessary :  firstly,  we  must  limit  the  number  of  alternative  names 
for  a  single  river  ;  and  secondly,  we  must  avoid  the  use  of  the  same  name  for  different 
rivers.  The  preservation  of  every  local  name  is  incompatible  with  scientific  geography ; 
the  multiplication  and  repetition  of  names  may  not  be  troublesome  to  hill  men,  whose 
lives  are  confined  to  a  single  valley,  but  they  become  unmanageable,  when  the  moim- 
tains  of  Asia  are  being  considered  as  a  whole. 

Some  native  geographical  names  are  undoubtedly  of  great  age,  and  have  been 
handed  down  from  successive  generations.  These  have  to  be  carefully  preserved  and 
their  disappearance  from  maps  would  be  a  serious  loss ;  but  vast  numbers  of  names  after 
being  in  vogue  for  perhaps  twenty  or  fifty  years  die  out,  and  new  names  are  invented* 
A  traveller,  following  a  Himalayan  river,  will  be  astonished  at  the  apparent  errors  of 
his  fifty-year-old  map :  many  important  names  on  the  map,  he  will  see,  are  unknown 
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to  the  natives  and  many  names  employed  by  the  natives  he  will  not  find  on  the  map*. 
His  first  tendency  is  to  blame  the  original  surveyors  and  to  attribute  the  discrepancies  ta- 
their  want  of  care,  but  the  true  explanation  of  the  differences  is,  that  the  old  names  have- 
died  out  and  new  names  have  come  into  existence. 
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THE  RIVERS  OF  THE  KUMAUN  HIMALAYA. 

A  separate  chart  (xxiv  to  xxxiv)  has  been  drawn  to  illustrate  the  Himalayan 
area  drained  by  each  of  the  principal  rivers.  Streams  have  been  shown  in  light 
blue  and  boundaries  of  basins  in  heavy  black  lines :  the  ranges,  being  facts  of 
deduction  rather  than  of  observation,  have  not  been  entered,  but  the  highest  peaks  in 
each  river  basin  have  been  plotted,  and  these  indicate  the  alignments  of  main  axes  of 
elevation. 

The  thick  lines,  representing  the  basin  boundaries,  are  water-partings  but  not  neces- 
sarily mountain  ranges  :  the  line,  for  instance,  in  chart  xxxi  between  the  Sutlej  and  the 
Eamali  crosses  a  flat  plain  in  Tibet,  and  that  between  the  Ganges  and  Jumna  in  chart 
XXIV  is  in  nature  not  a  significant  feature. 

The  principal  rivers  of  the  Kumaun  Himalaya  are  the  Jumna,  the  Ganges,  the 
Ramganga  and  the  Kali. 

The  Jumna. 

The  Jumna  (chart  xxiv),  called  also  the  Jamuna,  is  supposed  to  be  the 
Saraswati  of  the  Vedas.  On  debouching  from  the  mountains  it  now  sweeps  round 
to  the  south-east,  and  joins  the  Ganges  at  Allahabad ;  but  it  is  believed  to  have 
pursued  a  westerly  course  to  the  Arabian  Sea  in  former  times.*  The  great  change  in  its 
course  may  have  been  caused  by  alterations  in  the  level  of  the  land  west  of  Saharanpur, 
or  by  the  constant  advance  of  the  sands  of  the  Rajputana  desert  under  the  influence  of 
the  south-west  winds. 

Within  the  mountains  the  Jumna,  like  other  rivers,  flows  alternately  through  narrow 
gorges  and  over  wide  alluvial  expanses.  Wherever  a  defile  through  a  range  is  narrow, 
the  flow  of  water  is  retarded  above  it,  and  the  stream  drops  its  load  of  gravel  and  silt ; 
when  the  gradient  and  current  increase,  the  stream  is  able  to  re- lift  its  load  and  to 
carry  it  a  further  stage. 

The  Himalayan  basin  of  the  Jumna  has  been  surveyed,  and  the  courses  of  its 
affluents  are  well-known.  The  two  principal  affluents  are  the  Tons  and  the  Giri,  the 
former  of  which  is  larger  than  the  Jumna  itself,  t 

The  Jumna  and  the  Tons  unite  in  rear  of  the  Mussooree  range  of  the  lesser 
Himalaya,  and  their  combined  waters  are  joined  by  the  Giri  in  the  trough  between 
this  range  and  the  Siwalik. 

*  A  Manual  of  the  Oeoiogy  of  India,  page  450. 
t  Atl^^  sheet  48  N.E.,  1  inoh  «  4  miles. 
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The  defiles  in  the  Mussooree  and  Siwalik  ranges  through  which  the  Jumna 

passes  are  directly  opposite   to  one   another,  and  the 
The  Jumna  is  older  than  the  Siwalik    conclusion  is  justified  that  the  iiver  was  able  to  deepen  its 

range.  •'  ^         ^  ^ 

channel  and  maintain  its  former  course,  when  the 
Siwahk  range  rose  across  its  path.*  In  crossing  the  axis  of  the  Siwalik  range  the 
Jumna  makes  a  curious  bend  for  a  mile  or  two,  and  this  may  perhaps  be  regarded  as 
evidence  that  its  waters  were  held  in  check  for  a  time  by  the  rising  range,  and  had 
difficulty  in  cutting  a  passage.  But  the  barrier  could  never  have  been  sufficiently 
high  to  cause  a  lake  to  form  behind  it,  or  the  Jumna  would  have  taken  a  south-easterly 
course  across  the  Dehra  Dun  and  passed  the  Siwalik  range  at  Hardwar  by  the  gateway 
created  by  the  Ganges. 

A  striking  feature  of  the  basin  of  the  Jumna  is  the  Chur,  an  isolated  pyramid  of  the 
Nag  Tibba  range  of  the  lesser  Himalaya,  surmounted  by  twin  peaks.  The  Chur  rises 
from  the  interior  of  the  river  basin  and  not  from  the  boundary  line.f 

The  structural  trough  between  the  outer  Himalaya  and  the  Siwalik  range  is  very 
distinct  on  the  two  sides  of  the  Jumna  :  on  the  north-west  this  trough  is  known  as  the 
Kyarda  Dun,  and  on  the  south-east  as  the  Dehra  Dun. 

The  outer  range  of  hills  west  of  the  Jumna  is  drained  by  a  small  river  called  the 

Ghaggar  (chart  xxiv) ;  this  stream  is  of  interest,  because 
the  Ghaggar  is  said  to  have  crossed  the  plains  of  the 
Punjab  at  one  time  as  a  considerable  river.  In  the  Rajputana  desert  the  wide  bed 
of  an  extinct  river,  called  the  Hukra,  can  still  be  traced  for  miles  through  the  sand 
and  the  Hukra  may  have  been  a  continuation  of  the  Ghaggar.  J  This  we  cannot 
decide,  but  one  thing  seems  certain ;  the  Ghaggar  could  never  have  been  a  large  river, 
had  its  Himalayan  catchment  basin  been  always  as  small  as  at  present ;  and  the 
question  arises  as  to  whether  the  Giri  could  formerly  have  drained  into  the  Ghaggar 
and  given  to  it  the  volume  of  water  that  tradition  ascribes  to  it. 

An  objection  to  this  idea  is  that  the  Ghaggar  is  reported  to  have  been  a  large 
river  within  the  historic  period,  whereas  the  deflection  of  the  Giri, — ^whether  caused 
by  the  slow  upheaval  of  a  range  across  its  course,  or  by  a  feeder  of  the  Jumna  cutting 
back  to  it  south  of  the  Chur  and  capturing  its  waters, — must  have  occurred  long  before 
the  period  of  history,  if  it  ever  occurred  at  all. 

The  Ganges. 

The  Ganges  (chart  xxiv)  is  the  great  river  of  northern  India  that  drains  the 
Vindhya  mountains  and  the  Kumaun  and  Nepal  Himalaya,  and  that  waters  the  plains  of 
Rohilkhand,  Oudh  and  Bengal.  Regarded  as  a  Himalayan  river,  the  name  Ganges 
is  applied  to  the  particular  affluent  that  issues  from  the  mountains  at  Hardwar. 

It  was  believed  by  Rennell  that  the  Ganges  had  a  course  800  miles  long  above  Hard- 
war,  and  that  it  drained  Kashmir  and  Ladak  ;  and  these  views  were  represented  in  his 

*  United  Provinces  of  Agra  and  Oudh.  sheet  Na  1  :  1  inoh<-l  mile. 

t  Atlas  Sheet  47,  1  inch -4  miles. 

X  It  may  possibly  have  been  a  fonner  bed  of  the  Sntlej. 
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map  of  India  published  in  1700.  He  also  thought  that  the  Ganges  after  draining 
Tibet  passed  under  the  Himalaya  through  a  natural  tunnel.  '^  This  great  body  of 
"  water, "  he  wrote, "  forces  a  passage  through  the  ridge  of  Mount  Himalaya,  and  sapping 
^'  its  very  foundations  rushes  through  a  cavern  and  precipitates  itself  into  a  vast  basin 
'*  which  it  has  worn  in  the  rock  at  the  hither  foot  of  the  mountains.  The  Ganges  thus 
"  appears  to  incurious  spectators  to  derive  its  original  springs  from  this  chain  of 
"  mountains,  and  the  mind  of  superstition  has  given  to  the  mouth  of  the  cavern  the  form 
'*  of  the  head  of  a  cow,  an  animal  held  by  the  Hindus  in  a  degree  of  veneration  almost 
"  equal  to  that  in  which  the  Egyptians  of  old  held  their  God  Apis."* 

Rennell  was  relying  upon  the  descriptions  given  to  him  by  travellers :  what  he 
thought  was  a  cavern  under  the  Himalaya  was  merely  the  ice-cave  at  the  end  of  the 
Gangotri  glacier,  from  which  the  Bhagirathi  issues.  Captain  Hodgson  has  described 
this  cave  of  ice : —  f  *'  The  Bhagirathi  or  Ganges  issues  from  under  a  very  low  arch  at  the 
"  foot  of  the  grand  snow-bed.  The  river  is  here  bounded  to  the  right  and  left  by  high 
*'  snow  and  rocks,  but  in  front  over  the  debouch  the  mass  of  snow  is  perfectly  perpendi- 
"  cular,  and  from  the  bed  of  the  stream  to  the  summit  we  estimate  the  thickness  at 
"  little  less  than  300  feet  of  solid  frozen  snow,  probably  the  accumulation  of  ages." 

By  1807  geographers  had  begun  to  doubt  the  correctness  of  RennelFs  conclusions, 
and  in  that  year  the  Government  of  Bengal  authorised  a  survey  of  the  river  Ganges  in 
the  mountains  to  its  source.  Captains  Raper  and  Webb  were  directed  to  "  survey  the 
"  Ganges  from  Hardwar  to  Gangotri,  where  that  river  is  supposed  either  to  force  its  way 
"  by  a  subterraneous  passage  through  the  Himalaya  Mountains,  or  to  fall  over  their 
"  brow  in  the  form  of  a  cascade,  to  ascertain  the  dimensions  of  the  fall,  and  delineate  its 
"  appearance,  and  to  observe  its  true  geographical  situation  in  latitude  and  longitude."  J 
After  following  the  two  great  branches  of  the  Ganges  until  they  became  narrow 
torrents,  the  survey  officers  reported  that  the  sources  of  the  river  were  on  the  southern 
side  of  the  Himalayan  chain.  We  know  now,  from  modern  surveys,  that  both  the 
Alaknanda  and  Bhagirathi  rise  north  of  the  Himalaya  and  pass  through  the  great  range 
in  narrow  gorges.     The  mistake  of  Raper  and  Webb  is  more  instructive  than  that  of 

• 

Rennell :  the  latter  was  merely  basing  conclusions  on  hearsay  evidence  ;  the  former 
actually  penetrated  and  passed  the  great  Himalaya  through  a  stupendous  defile  carved 
by  the  Ganges,  but  so  hemmed  in  were  they  by  mountains,  that  they  entirely  failed 
to  understand  that  they  had  crossed  the  snowy  range.  From  the  bed  of  the  Ganges 
on  the  northern  side  of  the  Himalaya,  Raper  and  Webb  reported  that  they  had  found 
the  source  of  the  river  on  the  southern  side.  Mr.  Colebrooke  summed  up  the  results  of 
the  Raper- Webb  expedition  as  follows  : — §  "  If  the  Bhagirathi  and  Alaknanda  rivers 
*^  had  a  passage  through  the  Himalaya,  it  should  follow  that  the  channel  of  its  stream 
"  would  form  the  Ghatti  (or  pass)  by  which  the  snowy  range  became  passable.  But 
**  since  this  principle  holds  good  in  practice,  and  since  it  is  utterly  impossible  to  cross  the 

*  Memoir  of  a  Map  of  Hindooskm,  1793. 
t  Anatie  Researches,  Vol.  XIV,  1822. 
I  Asiatic  ResporcKes,  Vol.  XI,  1810. 
^AsiaHf  Besearches,  Vol.  XI,  1810. 
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^'  snowy  range  in  a  direction  which  the  channels  of  these  rivers  might  be  expected  to 
'^  assume,  I  consider  that  at  least  all  former  reports  are  determined  fictitious.  No 
^'  doubt  can  remain  that  the  different  branches  of  the  river  above  Hardwar  take  their 
^*  rise  on  the  southern  side  of  the  Himalaya  or  chain  of  snowy  mountains." 

In  1812  Moorcroft  made  a  similar  mistake :  he  passed  through  the  great  Himala- 
yan range  by  the  vaUey  of  the  Ganges  and  crossed  the  Niti  pass  into  Tibet.  The  Niti 
pass  is  situated  on  a  hinder  range,  and  is  thirty  miles  in  rear  of  the  Himalaya  ;  never- 
theless when  Moorcroft,  who  was  an  accurate  and  capable  observer,  arrived  at  the  pass, 
he  was  quite  unaware  that  he  had  crossed  the  Himalaya.* 

Such  mistakes  as  these  bring  home  to  us  what  a  bewildering  maze  the  immapped 
Himalayan  area  really  is.  "From  an  extensive  experience  in  Himalayan  surveying," 
wrote  Colonel  Tanner,  * '  I  can  safely  state  that  even  when  carrying  on  our  work  with 
"  the  aid  of  the  best  maps,  instruments  and  requisite  knowledge  of  surveying,  we  are 
^*  liable,  until  we  compute  out  the  positions  of  our  points,  to  mistake  one  mountain  for 
^*  another,  even  though  we  may  have  learnt  their  appearance  by  heart  from  other 
^*  stations,  "f 

Colebrooke's  conclusions  were  held  to  be  correct  until  the  fallacies  underlying 
them  were  exposed  in  1817  by  Captain  Herbert,  who  showed  that  both  the  Alaknanda 
and  Bhagirathi  rise  on  the  Tibetan  side  of  the  great  Himalayan  range. 

The  Alaknanda  has  many  feeders  that  rise  north  of  the  line  of  snow,  the  Dhauli  J 

Feed      f  th  G  ^^^  *^®  Vishuugauga   being  the  principal.     The   Dhauli 

has  its  source  at  the  Niti  pass  of  the  Zaskar  range,  and 
the  Vishnuganga  behind  Badrinath  :  they  join  at  Joshimath  (6000  feet)  and  here  the 
passage  through  the  great  range  commences  (chart  xxiv). 

At  Kamprayag  the  course  of  the  Alaknanda  is  deflected  by  the  lesser  Himalayan 
range  (Nag  Tibba),  which  also  determines  the  direction  of  the  Pindar  tributary.  At 
its  junction  with  the  Pindar  the  height  of  the  Alaknanda 's  bed  is  2600  feet.§ 

The  Bhagirathi  issues  from  the  Gangotri  glacier  behind  the  Kedamath  peaks  at 
a  point  called  6au  Mukh,  13000  feet  high.||  When  Captain  Hodgson  and  Lieutenant 
Herbert  visited  Gangotri  in  1817,  they  named  four  prominent  snowy  peaks,  standing 
near  the  head  of  the  glacier,  St.  George,  St.  Andrew,  St.  Patrick  and  St.  David :  these 
names  have  now  fallen  into  disuse  and  it  would  be  a  pity  to  revive  them :  the  four 
peaks  of  Hodgson  and  Herbert  can  be  identified  with  the  group,  known  to  modem 
geographers  as  Satopanth. 

The  Jahnavi,  the  westernmost  feeder  of  the  Ganges,  joins  the  Bhagirathi  seven 
miles  below  Gangotri  temple  :  their  combined  waters  cut  through  the  great  Himalayan 

♦  A9iaiie  Researches,  Vol.  XII,  1818. 

f  General  Report,  Survey  nf  India,  1883-1884. 

X  Dhauli  or  Dhanliganga :  there  are  many  rirers  of  this  name  in  the  Himalaya,  but  none  as  large  as  this  tributarr  of  the 
Alaknanda. 

I  The  range  south  of  the  Pindar  river  has  on  a  small  scale  a  resemblance  to  the  Pamir  plateau  :  on  the  north  the  Pindar 
rirer  like  that  of  Tashkurgan  flows  for  a  long  distance  parallel  to  the  range :  on  the  south  aeY&nX  rivers,  like  the  affluents 
of  the  Oxus,  rise  in  the  range  and  flow  down  at  right  angles  to  it. 

Vide  Atlas  sheet  66  N.W.  and  sheets  of  the  Kumaun  and  Garhwal  Survey. 

II  Atlas  sheet  65,  scale  1  inch:B4  miles. 
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range  between  the  peaks  of  Srikanta  and  Bandarpunch,  four  miles  west  of  the  former, 
eight  miles  east^of  the  latter,  and  13000  feet  below  them  (chart  xxiv).  This  gorge  of 
the  Bhagirathi  is  ''  one  of  the  most  remarkable  in  the  Central  Himalaya,  and  for 
picturesqueness  can  hardly  be  surpassed  by  any  valley  in  the  world.  Its  sides  are 
often  absolutely  vertical,  smoothed  down  by  the  torrent,  which  rushes  600  feet  or 
more  down  below  through  a  narrow  sUt  in  the  rocks/'* 

At  Tihri  the  Bhagirathi  has  cut  down  20  feet  into  the  solid  rock  below  the  bed  of 
its  tributary,  the  Behling.  This  is  characteristic  of  the  Himalayan  rivers,  the  develop- 
ment of  the  trunk  streams  being  commonly  in  advance  of  that  of  the  lateral  feeders. 

The  Alaknanda  and  Bhagirathi  unite  at  Deoprayag  in  rear  of  the  Mussooree  range  of 
the  lesser  Himalaya,  and  their  combined  waters  pass  the  latter  through  a  defile. 

The  Kaliganga  or  Mandakini  is  an  important  tributary  of  the  Ganges  draining  the 
southern  faces  of  Kedamath  and  Badrinath  (table  vi). 

During  the  earlier  half  of  the  nineteenth  century  controversies  frequently  arose  over 

the  claims  of  different  affluents  to  be  the  main  source  of 

The  source  of  the  Ganges.  j.i_     n  j/>«j.*tti__j.         i_  t 

the  Ganges,  and  Captam  Herbert,  who  was  for  many  years 

the  greatest  living  authority  on  the  Himalaya,  was  of  opinion  that  the  Jahnavi  was 

the  true  source.f 

It  has  come  however  to  be  recognised  that  a  river,  which  is  being  fed  from  great 

numbers  of  glaciers,  cannot  be  referred  to  any  one  source,  and  the  question  has  ceased 

to  be  of  interest :  it  is  probable  that  not  a  twentieth  part  of  the  water  in  the  Ganges  is 

derived  from  any  single  glacier.    If,  however,  we  were  to  be  called  upon  now  to  select 

the  most  important  source  of  the  Ganges,  we  should  not  be  able  to  support  Herbert's 

view.     Herbert,  not  having  seen  the  Alaknanda,  assumed  that  the  Bhagirathi  was  the 

true  Ganges,  but  Sir  Richard  Strachey  has  pointed  out  that  the  Alaknanda  is  twice 

the  size  of  the  Bhagirathi,  and  that,  if  a  source  is  to  be  named,  it  must  be  the  Dhauli.  J 

Some  writers  define  the  source  of  a  river  as  the  point  of  its  course,  that  is  most 
remote  from  its  mouth.  Colonel  George  Strahan  has  shown  that  if  this  definition 
be  applied  to  the  Ganges,  its  source  will  not  be  Himalayan  at  all,  but  will  lie  near  Mhow 
in  Central .  India  at  the  head  of  the  Chambal  (chart  ix). 

The  following  descriptions  are  taken  from  Captain  Herbert's  report  on  the  Miner- 
alogical  Survey  of  the  Himalayan  mountains.§  '  *  I  must  not  leave  the  Dhauli,  however, 
'*  without  saying  something  of  those  great  accumulations  of  boulder  stones,  the  very 
*'  sight  of  which  strikes  the  traveller  with  astonishment,  and  forces  him  to  admit  the 
''  action  of  some  great  rush  of  waters.  These  diluvian  beds  are  here  seen  on  a  scale, 
"  which  sets  at  nought  any  theory  that  would  derive  its  agent  from  the  body  of  water 
"  at  present  occupying  that  channel." 

"  The  beds  of  some  of  the  rivers  are,  for  a  part  of  their  course,  in  the  solid  rock.  In 
^'  the^e  cases,  the  depth  is  often  considerable,  while  the  appearance  is  such  as  leaves 

*  Otology  of  the  CftUral  Himalayas  by  Griesbach,  Memoirs,  Geological  Survey  of  India,  Vol.  XXIII,  1891. 

t  The  name  Jahnavi  doee  not  now  appear  on  Indian  maps,  bat  it  is  still  employed  locally  though  more  commonly 
eoRupted  to  Jadganga.     The  Jahnavi  joins  the  Bhagirathi  at  Kopang.    Atlas  sheet  65. 

}  Jourrud,  Royal  Geographical  Society,  Vol  XXI,  1851. 

{  Journal,  Asiatic  Society  of  Bengal,  Vol.  XI,  Part  II,  1842, 
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'^  not  a  doubt  in  the  spectator's  mind  but  that  the  present  channel  was  once  fiUed  up 
"  with  solid  rock.  This  is  a  conclusion  we  cannot  escape  from  however  difficult  it  may 
"  be  to  understand  the  removal  of  so  many  thousand  cubic  feet  of  solid  rock  by  the 
"agency  of  water." 

'  *  In  aU  the  river  beds  too  we  see  that  there  are  accumulations  of  gravel  and  bould- 
**  er  stones,  all  perfectly  rounded,  and  consequently  all  of  them  such  as  have  been  subject 
"  to  the  action  of  water.  These  collections,  it  appears  from  the  details  I  have  given, 
"  are  in  many  cases  of  very  great  extent,  and  frequently  occur  at  a  height  of  even  300  feet 
**  above  the  present  bed  of  the  river.  That  these  collections  should  ever  have  been 
"  formed  by  such  bodies  of  water  as  are  found  at  present  in  their  vicinity,  is  altogether 
"  inadmissible.  Their  extent,  the  size  of  the  fragments,  the  distance  from  which  they 
"  are  derived,  above  all  their  great  depth,  and  the  height  at  which  they  are  found  above 
"the  present  bed  of  the  river — all  forbid  so  incredible  a  supposition." 

Captain  Hodgson  described  how  the  Ganges  was  at  one  time  obstructed  by  the 
fall  of  a  cliff.*  "  Five  hundred  yards  further  on,"  he  wrote,  ^'  are  the  falls  of  Lohari.Naig 
"  where  the  river  is  more  obstructed  than  in  any  part  of  its  course,  and  tears  its  way 
"  over  enormous  masses  of  rock,  which  have  fallen  into  it  from  the  mural  precipice  which 
"  bounds  its  left  shore.  This  frightful  granite  cliff  of  solid  rock,  of  above  800  feet  high, 
•*  appears  to  have  been  undermined  at  its  foot  by  the  stream,  and  the  lower  and  middle 
"  parts  have  fallen  into  it,  while  the  summit  overhangs  the  base  and  the  river.  The 
"  vast  ruins  of  this  fall  extend  for  about  a  quarter  of  a  mile ;  the  river  has  now  forced  its 
"  way  through,  and  partly  over  the  rocks  with  a  noise  and  impetuosity,  we  thought 
"  could  not  be  surpassed,  but  on  our  return  in  June  when  the  Ganges  was  doubled  in 
"depth,  the  scene  was  still  grander." 


The  Ramganga. 

The  Ramganga  (chart  xxv)  is  an  unimportant  river,  draining  the  southern 
face  of  the  lesser  Himalayan  range  in  Kumaun.f  *  Its  basin  has  been  accurately  sur- 
veyed. 

The  principal  affluent  of  the  Ramganga  is  the  Kosila  or  lesser  Kosi :  it  rises 
in  the  lesser  Himalayan  range  and  does  not  join  the  Ramganga,  until  they  have  es- 
caped from  the  mountains  and  entered  the  plains. 

During  the  gradual  rise  of  the  Siwalik  range  the  Ganges  had  sufficient  water  to 
wear  down  the  growing  range  and  to  maintain  a  direct  passage  across,  but  the  Ram- 
ganga's  small  volume  was  unequal  to  the  task  of  cutting  down  the  new  range,  as  it 
rose,  and  the  river  was  deflected  by  the  latter  for  ten  miles  to  the  north-west,  before 
it  found  a  suitable  place  for  an  outlet.  { 

The  structural  trough  between  the  lesser  Himalaya  and  the  Siwalik  range  through 
which  the  Ramganga  flows  is  known  as  the   Patli  Dun :     it  is  of  a  crescentic  shape 

•  AsioHc  Researches,  Vol  XIV,  1822. 

t  There  are  several  Ramgangaa  in  the  Ulmalajay  hut  all  are  smaller  than  the  one  under  description. 

J  Memoirs.  Geological  Survey  of  India,  Vol.  XXIV,  1890,  part  2,  page  15. 
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with  the  concave  side  facing  south :  *  it  contains  immense  terraces  of  gravel  of  di£Eerent 
heights  which  have  been  deposited  by  the  Bamganga.  '  *  It  is,' '  writes  Mr.  Middle- 
miss,  ' '  one  of  the  most  beautiful  spots  that  the  North- West  Provinces  of  India  can 
**  boast.  It  is  undisfigured  by  villages  and  bazars.  A  solitary  forest  bungalow  is  all 
*'  that  breaks  the  magnificent  monotony  of  its  billowy  forests  and  grass-grown  alluvial 

''  flats."t 

In  its  course  through  the  Patli  Dun  the  Ramganga  flows  parallel  to  the  Pindar 
tributary  of  the  Ganges  at  a  distance  of  45  miles,  and  at  a  level  lower  by  1400  feet. 

The  trough  intervening  between  the  lesser  Himalaya  and  the  Siwalik  range  through 
which  the  Kosila  flows  is  known  as  the  Kotah  Dun ;  it  is  14  miles  long  and  stretches 
from  north-west  to  south-east :  its  level  is  750  feet  higher  than  that  of  the  alluvial  plains 
on  the  outer  side  of  the  Siwalik  range. 

Ths  Kali. 

The  Kali  or  Sarda  (chart  xxv)  rises  near  the  Lankpya  Lek  pass  behind  the  great 
Himalayan  range,  and  after  running  for  30  miles  parallel  to  the  latter  turns  and 
pierces  it  (figure  2,  chart  xvi).  The  height  of  its  bed  when  it  commences  to  force  a 
passage  through  the  great  range  is  10000  feet. 

The  Api-Nampa  group  of  peaks  stands  immediately  east  of  the  Kali :  Takachull 
peak  (22661  feet)  rises  between  the  Dharma  and  Gori  affluents,  and  further  west  on 
chart  xxv,  we  see  the  axis  of  the  great  Himalayan  range  marked  by  Nanda 
Devi  (25645  feet),  and  Badrinath  (23190  feet). 

In  its  upper  courses  the  Kali  river  and  its  two  affluents  the  Dharma  and  Lissar 
flow  in  long  parallel  beds  five  miles  apart.  No  one  of  them  rises  north  of  the  Zaskar 
range,  but  the  Kali  itself  appears  to  flow  along  a  furrow  in  the  crest-zone.  The  long 
parallelism  of  the  Kali,  Dharma  and  Lissar  rivers  in  their  upper  courses  shows,  perhaps, 
that  minor  wrinkles  have  in  this  region  been  superposed  on  the  primary  Himalayan 
folds.t 

The  Sarju§  affluent  of  the  Kali  flowing  south-east  is  on  the  same  alignment  as  the 
Pindar  tributary  of  the  Ganges  ;||  for  100  miles  these  two  rivers  continue  in  one  line  and 
the  beds  of  both  are  possibly  occupying  an  original  trough  created  in  rear  of  the  Nag 
Tibba  range  of  the  lesser  Himalaya  when  the  latter  was  upraised. 

Colonel  Tanner  describes  a  remarkable  waterfall,  which  he  discovered  in  the  basin 
of  the  Kali.^ 

"  Taking  some  guides  from  Garbiang,"  he  wrote,  "  I  went  down  the  Kali  instead  of  ascending 
the  moraine,  and  after  a  difScult  journey  found  myself  at  the  bottom  of  the  wildest  place  I  have 
ever  been  in.     On  one  side  rose  the  cliff  of  the  moraine  backed  by  the  mountains  on  the  right  bank 

*  Atlas  Sheet  66  S.W.,  1  mch=4  nules. 

t  Memoira,  Geological  Survey  of  India,  Vol.  XXIV,  1890,  part  2,  page  56. 

X"  The  Liflsar  river  flows  during  the  greater  part  of  its  course  along  the  axis  of  a  symmetrical  anticlinal  formed  of  carbon- 

**  iferous  rocks,  leaving  it  near  the  end  of  the  Chingchingmauri  glacier this  anticlinal  is  flanked  on  both  sides  by  a 

"system  of  other  plications  more  complicated  on  the  north-eastw"    Griesb^ch's  Otciogy  of  Central  Himalaya.    Meimrnrs 
Geological  Survfy  of  India,  Vol  XXIII,  1891. 

§  There  are  many  Sarjus  in  the  Himalaya. 

n  Compare  charts  xxiv  and  xxv,  and  Atlas  sheets  66  N.W.,  66  S.W.,  and  66  S.E. 

f  Oeneral  Report,  Sitrvey  of  India,    1884-85. 
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of  the  Kali ;  oppoeite  toweied  more  cli&  fringed,  wherever  theie  was  standing  room,  by  forest  trees, 
and  down  the  face  of  the  overhanging  scarp  in  front  of  me  poured  the  waters  from  Api  in  a  feathery 
cascade  of  great  volume  and  with  a  fall  of  between  three  and  five  hundred  feet."^ 

"  The  foot  of  the  fall  we  could  not  see,  as  it  descended  into  a  deep  abyss,  where  it  was  lost  in 
the  unseen  Kali,  which  thundered  and  roared  along  immediately  below  our  feet,  but  how  far  below 
us  we  could  not  say.  Sheets  of  spray  filled  the  cleft  of  the  Kali  and  were  blown  hither  and  thither 
across  the  face  of  the  clifEs,  and  the  sun  which  was  well  overhead  lit  up  the  great  hollow  at  our  feet 
with  a  mass  of  bright  prismatic  colors." 

"  Having  visited  this  fall,  which  ia  called  the  Yangla  Dhar,  it  was  a  question  whether  we  should 
return  by  the  way  we  had  come  or  try  and  reach  my  camp  by  continuing  our  journey  down  the  valley 
of  the  Kali.  We  decided  on  the  latter  course  and  though  none  of  my  men  had  previously  visited^ 
this  extraordinary  place,  they  said  that  there  might  possibly  be  a  means  of  skirting  the  cli£b,  but 
that  of  course  there  would  be  bad  places.  Bad  places  there  were  indeed,  and  before  long  when  clinging 
to  the  rough  places  in  the  face  of  a  slope  that  was  nearly  a  cliff,  I  fervently  wished  I  had  not 
come,  and  sometimes  had  it  not  been  for  the  friendly  grasp  of  Rinzin's  hand,  I  believe  that  I 
should  not  have  emerged  safely  out  of  this  awful  valley.  Gradually  the  dangers  of  the  road 
became  less,  and  towards  evening  we  reached  the  most  beautiful  and  charming  village  of  Budi — 
literally  the  most  delightful  place  I  have  seen  in  the  Himalaya."t 

"  Four  valleys  converge  on  Budi ;  the  view  of  each  could  occupy  an  artist  for  a  month.  Spreading 
terraced  cornfields  skirt  the  foaming  Kali,  and  here  and  there  on  the  mountain  sides  small 
terraced  spots,  surrounded  with  many  tinted  forest  trees,  support  the  quaint  houses  of  th&- 
cultivators." 

"  At  one  day's  march  below  Budi  the  passage  of  the  Nirpania-ki-Danda  or  waterless  ridge  com- 
mences ;  it  has  taken  the  ceaseless  toil  of  generations  to  construct  the  series  of  stone  steps  or  ladders 
over  which  the  traveller  has  to  make  his  way  for  a  day  and  a  half  before  he  reaches  an  ordinary  moun- 
tain path.  This  extraordinary  trade-route  consists  of  a  kind  of  winding  stair-case,  which  is  carried 
up  and  down  in  the  face  of  cliffs  in  many  places  overhung  with  crags  and  with  seemingly  an  almost 
bottomless  abyss  below.  The  rough  steps  are  built  into  the  rock  wherever  it  has  been  possible  to 
find  foothold.  " 

The  Yangla  Dhar  falls  are  not  true  falls  in  the  usual  acceptation  of  the  term. 
When  a  great  river  in  its  course  drops  suddenly  and  perpendicularly  the  drop  may  be 
described  as  *'  falls;  "  but  the  cascade  on  the  Kali  is  due  to  the  difference  in  level, 
between  the  bed  of  the  main  stream  and  the  bed  of  a  tributary.  The  Kali  river  has 
cut  a  deep  channel  for  itself  with  a  perpendicular  wall  on  each  side,  and  it  is  over 
one  of  its  lateral  precipices  that  the  Yangla  Dhar  falls  occur. 

The  falls  at  Kishtwar  on  the  Chenab  are  also  over  the  face  of  a  side  precipice 
and  are  not  on  the  main  course  of  the  river.  Throughout  the  Himalaya  similar 
cascades  can  be  seen,  though  rarely  so  grand  as  that  described  by  Tanner ;  trimk  streams, 
that  drain  extensive  trans-Himalayan  troughs,  deepen  their  channels  at  a  greater 
rate  than  the  lateral  streams  can  do,  and  consequently  flow  at  a  lower  level  at  the  points 
of  junction.    In  the  higher  mountains  the  differences  of  level  between  trunks  and  their 


*  For  the  peak  Api»  see  table  vl 
tAtla^  Sheet  66  N.E. 
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branches  might  be  attributed  to  fonner  glacial  action,  but  this  is  not  possible  in  the 
outer  hills. 

Though  there  are  innumerable  cascades  throughout  the  Himalaya  only  two 
instances  of  falls  have  been  recorded  ;  one  is  on  the  Indus  where  the  drop  is  20  f eet^ 
the  other  is  at  Pemakoi  on  the  Brahmaputra,  where  the  drop  is  150  feet. 
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THE  EIVERS  OF  THE  NEPAL  HIMALAYA. 

The  principal  rivers  of  the  Nepal  Himalaya  are  the  Kamali,  the  Bapti,  the  Gandak, 
the  Baghmati,  and  the  Kosi.* 


The  Karnali. 

The  Kamali,  called  also  the  Kauriala  or  Kuxriali,  is  a  great  Himalayan  river 
(chart  xxvi) ;  in  its  passage  across  the  plains  of  India  after  its  exit  from  the  hi11«  it  is 
known  as  the  Gogra.f 

The  sources  of  the  Kamali  have  been  explored  by  the  brothers  Bichard  and  Henry 
Strachey,  by  Colonel  Tanner  and  by  other  reliable  observers,  and  its  course  has  been 
traced  in  Tibet  from  Takla  Khar  to  the  shrine  of  Kojamath  ;  but  it  then  enters  Nepal, 
and  with  the  exception  of  the  information  gained  by  a  native  explorer,  nothing  more 
is  known  of  it,  until  it  reaches  the  plains  of  India. 

The  basins  of  the  Karnali  and  the  Sutlej  are  in  contact  in  Tibet,  behind  the  basins 
of  the  Kali,  the  Ganges  and  the  Jumna.  In  escaping  from  Tibet  the  Kamali  passes 
through  a  remarkable  trough  with  Gurla  Mandhata  (25355  feet)  on  the  one  side  and 
peaks  of  22000  and  23000  on  the  other  :  near  Kojamath  this  trough  is  less  than  18  miles 
wide  at  a  height  of  20000  feet,  a  peak  of  21800  feet  standing  eight  miles  north-east 
of  the  river  and  one  of  20300  feet  ten  miles  south-west. 

Between  Gurla  Mandhata  and  Nampa  the  Kamah  is  now  creating  a  canyon  simi- 
lar but  inferior  to  that  of  the  Sutlej. 

The  great  tributary  of  the  Kamah  is  the  Birehi ;  J  the  two  rivers  do  not  unite 
until  they  have  left  the  mountains ;  as  their  courses  in  the  Himalaya  are  convergent 
their  delay  in  conjoining  is  noteworthy.  The  two  main  affluents  of  the  Ganges  unite  be- 
hind the  lesser  Himalaya  range  to  force  a  common  passage ;  the  tributaries  of  the  Gandak 
and  Kosi  do  the  same  ;  and  the  Kamah  alone  of  the  greater  Himalayan  rivers  possesses 
two  outlets  through  the  lesser  range.§ 

It  may  be  thought  that  the  lesser  Himalayan  range  is  but  slightly  developed 
across  the  lower  basin  of  the  Kamali,  but  this  is  not  the  case.  The  number  of  peaks 
that  have  been  fixed  on  one  alignment  across  the  basin,  and  the  number  of  minor  rivers 
that  are  believed  to  rise  in  this  alignment  are  sufficient  indications  of  the  presence  of 
a  distinct  range. 


♦  Map  of  Nepal,  1  moh=16  mil**. 

f  For  an  aoooiint  of  the  Kamali  see  IndiOf  by  Sir  John  Strachey. 

{•tCnnwnaathe  Birehi  in  ite  upper  course,  as  the  Babai  in  its  middle,  and  as  the  Saijn  in  its  lower. 

S  The  reference  here  is  to  the  outer  parallel  range  (Mahabarat)  and  not  to  any  «)blique  rangt. 
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The  f oHowioig  extraeta  are  taken  fcain  the  diary  of  a  native  explorer  who  followed 
the  upper  course  of  the  river  Birehi  in  1873  from  a  place  called  Tibrikot  (7226  feet)  as 
far  as  the  Digi  pass  (16880  feet),  which  is  on  the  water-parting  of  the  Gandak. 

'^  Pron  TSbakot  I  followed  tie  ccnme  of  tbe  Bheri  {Birthi)  river  and  leached  Gharka  on  the 
4th  September,  having  passed  some  lamd'Sems  osi  the  road.  One  of  them  called  Barphang  Gronpa 
contraus^  40  <»  50  lamaa  Near  another  named  Eanigang  6onpa»  the  river  has  high  perpendicular 
roelg^  banks,  and  the  people  have  made  a  tunnel  64  paces  in  length  through  the  rock.  There  waa 
origMially  a  crevice,  and  the  rock  on  either  side  of  it  was  cut  away  sufficiently  to  allow  of  a  man  with 
a  load  to  pass  through  with  a  squeezing,  the  height  of  the  tunnel  not  being  sufficient  in  all  parts  to 
admit  of  his  going  through  standing." 

'^  Charka  is  the  last  village  on  the  river  Bheri  :  on,  the  opposite  side  of  the  river  is  a  gonpa  (lama* 
serai)  to  which  the  first-bom  male  of  every  family  in  the  village,  as  is  the  practice  amongst  the  Bud- 
dhists generally,  is  dedicated  as  a  lama.  I  left  Charka  on  the  5th  and  ascended  the  Digi  La,  about 
16880  feet  above  sea-level  (caDed  by  Ooorkhas  Balali-Patan)  by  a  gentle  incline.^* 

^  On  dther  side  ol  the  pass  there  are  snow-covered  ridges.  The  pass  is  broad,  and  there  is  a 
feaim  on  it  at  the  watershed."* 

The  Kamali  has  deepened  its  bed  to  a  far  greats  extent  than  the  Birehi.  The 
height  of  the  bed  ol  the  Birehi  at  the  point  where  the  river  crosses  the  great  range,  is 
befieved  to  be  about  6000  feet :  the  bed  of  the  KamaU  is  between  3000  and  3500  feet 
hi^,  where  it  intersects  the  aone  of  great  peaks :  in  its  passage  across  the  granite  axis 
of  the  great  Himalayun  range  the  Kamah  fiows  at  possibly  a  lower  altitude  than  any 
other  Himalayan  river,  excepting  perhaps  the  Indus. 

The  Rapi. 

The  sources  and  course  of  the  Rapti  in  Nepal  have  never  been  thoroughly  explored ; 
the  maps  of  the  Survey  of  India  show  it  as  rising  in  the  lesser  Himalaya  and 
chart  XXVI  of  this  paper  gives  it  a  small  longitudinal  basin  situated  in  the  outer  hills 
between  the  Kamali  and  the  Gandak  ;t  but  other  maps  place  its  sources  in  the  great 
Himalayan  range  west  of  Dhaulagiri.  Neither  plan  has  been  constructed  from  surveys 
and  neither  deserves  much  weight. 

A  river  that  rises  in  the  lesser  Himalaya  receives  its  water  from  the  periodical 
rains  only,  and  is  almost  dry  for  a  great  part  of  the  year.  But  a  river  that  is  fed  by 
glaciers  has  a  perennial  stream.  The  Rapti  is  never  dry  enough  in  the  plains  of  India 
to  be  generally  fordable  :  it  is  at  its  lowest  in  January  and  February  ;  snow  water  comes 
down  in  May,  and  the  river  rises  considerably  early  in  June,  and  remains  in  flood  till 
September.  These  facts  throw  doubt  upon  the  correctness  of  the  Survey  of  India  maps 
from  which  chart  xxvi  has  been  drawn.  In  a  letter  dated  September  8th,  1906^ 
Mr.  H.  Spencer,  C.S.,  writes : — **  This  year  there  were  two  heavy  floods  in  the  Rapti 
"  in  August  simultaneously  witibi  unprecedented  floods  in  the  Sarju  (Birehi)  and  Kauriala 
''  (Kamali)  which  unite  to  form  the  Gogra.    The  local  rainfall  had  nothing  to  do  with 

*  Exphrtr'9  narreUwe  of  hi$  joumejf  from  Pitcrtiffnrh  m  Kwnaon  tidJumlm  io  Tadum  and  hack  akmg  iht  KaliOandak  river 
to  BrUUh  ienUory,    Oeneral  lUport,  Survef^  of  India,  187^7-1. 
The  IHgi  paM  u  shown  on  chart  xxvi. 
t  On  the  authority  of  the  Survey  of  India,  set  Map  of  India,  loale  32  milen  =1  inch. 

z2 
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**  these  floods,  and  it  might  be  inferred  that  these  rivers  come  from  the  same  tract 

**of  mountain  ranges.  " 

The  Gandak. 

The  Gandak  has  three  principal  affluents,  which  have  been  named  by  survey 
explorers  the  Kali  Gandak,  the  Buria  Gandak  and  the  Trisuli  Gandak  (chart  xxvn). 
Of  these  three  the  Kali  Gandak  is  knotvn,  and  the  other  two  are  believed  to  rise  in  the 
trough  behind  the  great  Himalayan  range.  Having  pierced  the  range  independently, 
they  join  their  waters  on  its  southern  side,  and  in  one  great  stream  force  an  opening 
through  the  lesser  Himalayan  range.  It  would  thus  appear  that  each  of  the  three 
principal  affluents  of  the  Gandak  has  been  able  to  carve  a  defile  through  the  greater 
range,  but  that  all  have  been  stopped  and  deflected  by  the  rise  of  the  lessor  range. 

The  geography  of    the    Gandak    basin    is,    however,    so    largely  theoretical  and 

Abtence  of  proper  surveys.  Conjectural,     that     it     is   not     possible   to    arrive    at 

definite  conclusions.  The  courses  of  the  great  tribu- 
taries have  been  followed  by  a  native  explorer,  and  Colonel  Tanner  sketched 
what  he  could  see  of  the  country  from  great  distances :  but  results  obtained  by  such 
methods  can  only  be  regarded  as  first  approximations  to  truth,  and  they  will  certainly 
require  to  be  corrected  when  Nepal  becomes  accessible  to  scientific  surveys.  The 
following  extracts  from  Colonel  Tanner's  writings  will  illustrate  his  own  opinions: — 

(i)  *'  From  the  Someshwar  hills  which  rise  at  their  highest  point  to  a  little  over  2000  feet,  my 
assistants  were  able  to  secure  a  certain  amoimt  of  Nepal  topography  and  to  fix  a  considerable 
number  of  peaks,  but  a  low  range  about  20  miles  to  the  north  masked  all  but  the  snowy  range  which 
lay  behind  it,  and  no  portion  of  the  larger  streams  such  as  the  Buria  Gandak,  the  Kali  and  the 
Trisuli  Gandak  could  be  seen." 

"  The  hydrography  of  this  part  of  Nepal  is  in  considerable  confusion,  and  though  we  were  able 
to  fix  with  fair  precision  the  upper  courses  of  one  or  two  of  these  rivers,  where  the  great  snow-clad 
mountains  give  forth  glaciers,  yet  in  the  lower  ranges  their  courses  have  been  laid  down  from  the 
route-surveys  of  native  explorers  only,  and  as  some  of  these  route-surveys  show  a  want  of  complete- 
ness in  this  neighbourhood,  the  points  of  junction  of  the  rivers  above  named  remain  largely  open  to 
doubt.  One  glance  at  a  tract  north  of  the  low  range  above  noted  would  furnish  more  geography 
than  could  be  derived  from  years  of  work  by  explorers ;  yet  I  regret  to  say,  access  to  any  point  north 
of  the  Someshwar  range  is  denied  us."  * 

(ii)  *'  Distant  sketching  based  on  trigonometrically  fixed  peaks  affords  a  fairly  good  basis  whereon 
to  adjust  the  traverses  and  topography  of  the  explorers,  but  it  is  very  difficult  work  and  can  only  be 
prosecuted  during  the  very  few  days  in  each  year,  when  haze  is  absent  from  the  atmosphere,  and  when 
clouds  do  not  envelop  the  hill  ranges.  With  the  exception  of  a  blank  of  some  ten  miles  wide  which 
occurs  on  the  west  of  the  Gandak  river  in  Central  Nepal,  the  whole  country  has  been  sketched  in 
some  form  or  other,  from  the  towers  and  other  stations  of  the  Great  Trigonometrical  Survey  in  the 
plains  and  from  the  hill  stations  of  Eumaim  in  the  west  and  of  Sikkim  in  the  east,  but  such  work 
bemg  the  result  in  some  cases  of  sketching  done  from  points  a  hundred  miles  distant  is  necessarily 
vague  and  incomplete  and  at  the  most  only  secures  the  tops  of  the  more  conspicuous  ranges,  "f 

*  Our  present  knowledge  of  the  Himalaya,  by  Colonel  Tanner.     Proceed.,  R,  O,  8.,  Vol.  XIII,  1891,  page  419. 
t  Oeneral  Report  of  the  Survey  of  India,    1887-88.     Notes  by  Colonel  Tanner  on  recouTiaisaances  and  exploraiiona  in 
Nepal,  Sikkim,  Bhutan  and  Assam, 
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Names  of  affluents.  ^^  1849,  Mr.  Brian  Hodgson  wrote  of  the  Gandak  as 

follows* : — 
''  In  the  basin  of  the  Gandak  we  have,  successively  from  the  west,  the  Barigar,  the  Narayani, 
the  Sweti-Gandaki,  the  Marsyangdi,  the  Daramdi,  the  Gandi  and  the  Trisul.  These  are  the  '  Sapt- 
Gandaki '  or  seven  Gandaks  of  the  Nepalese,  and  they  unite  on  the  plainward  verge  of  the  mountains 
at  Tribeni  above  Saran.  They  drain  the  whole  hills  between  Dhaulagiri  and  Gosainthan,  the  Barigar 
and  one  head  of  the  Narayani  rising  from  the  former  barrier,  and  the  Trisul  with  every  drop  of 
water  supplied  by  its  affluents  from  the  latter.  Nor  does  a  single  streamlet  of  the  Trisul  arise  east 
of  the  peak  of  Gosainthan,  nor  one  driblet  of  the  Barigar  deduce  itself  from  the  westward  of 
Dhaulagiri." 

With  the  exception  of  the  Trisul,  Mr.  Hodgson's  names  for  the  principal  aflBuents 
differ  from  those  given  by  the  explorers :  he  obtained  his  information  by  questioning 
Nepalese  at  Katmandu,  and  the  explorers  gained  theirs  from  the  inhabitants  of  the 
respective  localities.  It  is  not  uncommon  in  the  Himalaya  and  Tibet  to  find  a 
name  used  for  a  geographical  feature  by  people  at  a  distance  differing  from  that 
employed  by  the  local  natives. 

In  our  description  of  the  Kamali  we  quoted  from  the  diary  of  a  native  explorer 

who   followed  up  the  Birehi  tributary  to  the  Digi  Pass: 
Exploration  of  the  Gandak  basin.        this  man  crossed  the  Digi  Pass,    and    descending   into 

the  basin  of  the  Gandak,  reached  the  town  of  Kagbeni. 
Kagbeni  is  situated  at  the  junction  of  the  Kali  Gandak  and  the  Muktinath  stream ; 
it  is  about   9000  feet  above  sea-level  and  consists  of  100  houses  inhabited  by  Bhotias, 

The  explorer  followed  the  Kali  Gandak  to  its  source  at  the  Photu  Pass,  and  crossed 
over  into  the  valley  of  the  Brahmaputra.  The  height  of  the  Photu  Pass  he  found 
to  be  15080  feet  above  sea-level  and  250  feet  above  the  plains  of  the  Brahmaputra  to 
the  north.  This  low  depression  in  the  Ladak  range  is  a  peculiar  feature.  It  may  have 
been  carved  by  the  Kali  Gandak  in  a  former  geological  age,  when  that  river  had  its 
sources  in  Tibet  and  further  north  than  at  present. 

Our  information  concerning  the  Trans-Himalayan  trough  of  Muktinath  is  so  scanty 
that  the  following  note  by  the  explorer  is  of  interest :  "  To  the  east  and  south-east  of 
"  Muktinath,  about  two  miles,  are  lofty  snowy  mountains  extending  in  a  north-east 
**  and  south-west  direction,  from  which  the  stream  takes  its  rise  which  flows  by  Muk- 
"  tinath  to  the  north,  takes  in  the  temple  water  and  joins  the  Kali  Gandak  river  at 
«  Kagbem."t 

If  we  are  to  rely  upon  the  description  in  this  extract,  there  must  be  a  transverse 
ridge  higher  than  the  snow-line  (16000  feet)  separating  the  basins  of  the  Kali  Gandak 
and  Buria  Gandak  north  of  the  Great  Himalaya.  No  observer,  however,  has  actually 
crossed  this  ridge,  and  its  existence  may  be  doubted. 

The  explorer  from  whose  diary  we  have  quoted  is  the  oidy  geographical  observer 
who  has  ever  traversed  the  defile  of  the  Kali  Gandak  through  the  great  Himalayan 


♦  Journ^,  Aaiaiic  Society  of  Bengal,  Vol.  XVIII,  Part  II,  1840. 
t  Oeneral  Hepctri,  Survey  of  Indian  1873-74,  page  ziii. 
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Mnge.  ThiB  defile  cute  the  range  4  miles  east  of  Dhaulagiri  peak ;  the  height  of  the- 
peak  is  26796  feet,  that  of  the  bed  of  the  defile  6000  feet,  and  the  fall  from  the  one 
to  the  other  exceeds  5000  feet  a  mile.  The  explorer's  narrative  of  his  journey  along 
this  extraordinary  river  is  disappointing,  though  not  without  interest.  "  On  the  5th  of 
"  October,"  he  wrote,  "  no  villages  were  met  with  during  the  march,  and  the  road  passed 
*^  through  jungle  the  whole  distance,  crossing  several  small  streams  running  into  the 
^'  Kali  Gandak.  I  passed  the  night  in  the  jungle."  He  was  thus  unaware  that  he  was 
crossing  the  great  Himalayan  range :  he  did  not  see  Dhaulagiri  and  was  ignorant  of 
its  proximity.  His  references  to  the  jungle  and  his  failure  to  notice  the  rocky  preci- 
pitous sides  of  the  gorge  tend  to  show  that  the  Kali  Gandak  possesses  a  wider  passage 
than  many  of  the  Himalayan  rivers. 

Little  is  known  of  the  upper  courses  of  the  Buria  and  Trisuli  Gandak.  In  1865 
an  explorer  marched  from  Katmandu  up  the  TnsuU  Gandak,  and  passed  15  miles  west  of 
peak  Dayabhang :  he  was  able  to  follow  the  river  and  did  not  describe  the  passage  as 
difficult.  He  estimated  the  height  of  the  river's  bed,  where  it  crossed  the  axis  of  the 
great  Himalaya,  to  be  between  6000  and  7000  feet.  He  found  no  open  plain  nor  flat 
basin  behind  the  great  Himalaya,  the  spurs  of  the  latter  being  apparently  sepa- 
rated by  ravines  from  those  of  the  Ladak  range  to  the  north.  He  crossed  a  pass 
(15400  feet)  over  a  ridge  behind  the  great  range,  and  found  himself  in  the  basin  of 
the  Buria  Gandak. 

The  Buria  Gandak  rises  at  the  No  pass  (16600  feet)  on  the  Ladak  range :  it  is 
possible  that  the  Shorta  Sangpo,  now  a  tributary  of  the  Brahmaputra,  once  flowed 
over  the  No  pass  into  the  Buria  Gandak. 

The  Buria  Gandak  and  the  Trisuli  Gandak  unite  on  the  south  side  of  the  great 
Himalaya,  and  after  flowing  as  one  river  they  join  the  KaU  Gandak  at  Deb  Ghat,  a 
goal  of  pilgrimage.  Below  the  junction  of  the  streams,  the  explorer  stated,  the  river  is 
called  the  Narayani ;  this  is  one  of  the  names  given  by  Mr.  Hodgson  in  the  extract 
we  made  from  his  writings. 

The  Baghmati. 

The  Baghmati  rises  in  the  Mahabarat  range  of  the  Lesser  Himalaya,  and  drains  the 
central  valley  of  Nepal  (chart  xxvii).  This  famous  valley  is  a  rock-basin  filled 
with  alluvial  deposits ;  it  is  of  an  oval  shape,  its  greatest  diameter  being  12  miles 
and  its  smaUest  9  miles ;  it  is  small  compared  to  Kashmir,  and  unlike  the  latter  is 
not  enclosed  between  the  Great  and  Lesser  Himalaya. 

Colonel  Kirkpatrick  visited  Katmandu  in  1793,  and  subsequently  published  an 
account  of  the  Nepal  valley.  In  1805  Colonel  Crawford,  who  was  afterwards  Surveyor 
General  of  India,  conducted  surveys  in  Nepal,  and  measured  some  of  the  peaks  of  the 
Himalaya,  being  the  first  to  discover  their  immense   height.*     The  records  of  Colonel 


*  A  Memoir  on  the  Iitdian  Surveys,  by  dementn  Markham. 
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'CJra^witord's  ofaBervaiions  were  lost,  but  a  Jew  of  his  retmlts  me^^  given  miBucbanan 
fiamiltan's  Account  of  the  Kmgdom  of  Nepal.  From  1805^  wlien  Colonel  Crawlox4 
took  observations,  to  1903,  when  Captain  Wood  was  perxnitted  by  the  JS'epaL^^e 
Government  to  observe  the  peaks  of  Ganrisajakar  and  Mount  Everest,  bo  purvey  pfficQr 
was  allowed  to  enter  Nepal. 

The  Kosi. 

The  Kosi  (chart  xxvin)  is  one  of  the  most  important  of  the  Himalayan  rivers. 

Its  principal  affluent  is  the  Arun  which  drains  an  immense  trough  in  rear  of  the  greaA 

Himalayan  range.    Chart  xrvm  has  been  taken  from  the  most  recent  maps  of  the 

Survey  of  India  :  its  main  features  are  probably  correct,  but  it  can  lay  no  claim  to 

■^accuracy  of  detail. 

In  the  Oeneral  Report  of  the  Survey  of  India  for  1883-84,  Colonel  Tanner  wrote  : 
^*  I  now  have  to  dispose  of  the  various  branches  of  the  Kosi  river,  which  wind  about 
*'  out  of  view  behind  the  Mahabarat  range,  and  this  I  confess  I  am  at  present  unable  to 
*'  do.  Between  us,  Mr.  Robert  and  I  have  dotted  the  country  south  of  the  snows  with 
"  trigonometrical  points,  and  I  can  find  no  room  between  any  of  them  for  a  valley 
"  wide  enough  to  contain  the  western  Kosi  in  its  course  from  west  to  east." 

No  additional  geographical  information  has  been  gained,  since  Colonel  Tanner 
explained  his  difficulty,  and  the  course  given  to  the  Sun  Kosi  on  the  chart  is  conjec- 
tural. All  we  know  is  that  the  tributaries  of  the  Kosi  west  of  Mount  Everest  afl;e 
deflected  by  the  Lesser  Himalayan  range,  and  that  they  pass  through  the  latter  in  the 
defile  carved  by  the  Aran. 

The  fact  that  the  Arun  flows  now  in  a  straight  course  from  the  great  range  to  t^e 
plains  shows  that  it  was  able  to  maintain  its  passage  across  the  lesser  range  during 
the  latter 's  growth :  the  Bhotia  Kosi,  the  Dudh  Kosi  and  all  other  Kosi  affluents  were 
stopped  by  the  rising  range,  and  have  had  to  escape  through  the  gorge  forced  by  the 
more  powerful  Arun. 

Mr.  Brian  Hodgson  divided  the  Kosi  into  seven  principal  affluents.  ^^  The  basin 
"  of  the  Kosi,"  he  wrote,  "  has  seven  principal  feeders.  These  are  as  follows: — ^the 
'*  Milamchi,  the  Bhotia  Kosi,  the  Tamba  Kosi,  the  Likhu,  the  Dudh  Kosi,  the  Arun  and 
''the  Tamor.  Of  these  the  Milamchi  rising  from  Gosainthan  is  the  most  westerly  and 
''  the  Tamor  rising  from  Kangchang  (Eanchinjunga)  is  the  most  easterly  feeder." 

"  And  those  two  great  peaks  with  the  pre-eminent  ridges  they  send  forth  southwards 
"  include  every  drop  of  water  that  reaches  the  great  Kosi  of  the  plains  through  its  seven 
''  Alpine  branches.  All  these  branches,  as  in  the  case  of  the  Gandak,  unite  within  the 
''  hills,  so  that  the  unity  of  this  Alpine  basin  also  is  as  clear  as  are  its  limitary  peaks 
"  and  its  extent.  The  Alpine  basin  of  the  Kosi  is  denominated  by  the  Nepalese  the 
**  Sapt-Cousika,  or  country  of  the  seven  Kosis."* 


*  Journal,  AaitUie  Society  of  Bengal,  VoL  XVIII^  Part  11,  1849.  We  quote  Mr.  Hodgson  for  the  information  tiiat  ke  gives 
concerning  names :  we  do  not  agree  with  his  theories.  The  basin  of  the  Kosi  is  not  bounded  by  two  great  peaks  ;  it  is 
trayersed  by  a  whole  line  of  them.  The  peaks  in  the  interior  of  the  basin  are  as  high  as  those  on  the  lateral  water-partings. 
The  affluents  of  the  Kosi  haye  not  been  forced  to  converge  by  the  ridges  running  southwards  from  Kinchin junga  and 
Gosainthan,  but  by  the  recent  rise  of  the  lesser  Himalayan  range  aorosB  their  paths. 
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It  will  be  seen  on  chart  xxvin  that  one  affluent  is  named  the  Tamba  Kosi  and' 
another  the  Tambar  Kosi :  it  is  doubtful  whether  these  names  are  correct.  Hodgson 
mentions  the  Tamba  Kosi,  but  the  Tambar  he  calls  the  Tamor ;  Hooker  called  Hodgson's 
Tamor  the  Tambur,  and  Montgomerie  called  it  the  Tamru. 

The  Arun  Kosi  is  a  very  large  river  and  possesses  a  considerable  drainage  area :  rising 

The  Arun  Kosi  ^^   ^®^^  ^^  *^^  great  Himalayan  range,  its  eastern  feeders 

encircle  Kinchinjunga   to   the  north,   and    its    western 
feeders  drain  the  northern  slopes  of  Mount  Everest. 

The  eastern  branch  in  rear  of  the  Himalaya  is  known  as  the  Khantongiri,  the- 
Hangtang  and  the  Yarn ;  the  western  branch  is  always  called  the  Arun. 

The  trough  between  the  great  Himalaya  and  Ladak  ranges  drained  by  the  Arun 
is  a  wonderful  example  of  a  structural  or  tectonic  hollow ;  its  length  exceeds  200  miles. 
In  no  other  part  of  the  Himalaya  is  the  trough  between  these  two  ranges  so  clearly 
defined  and  so  free  from  transverse  ridges  or  interruptions.*  The  western  portion  of  this 
remarkable  trough  contains  the  lake  of  Palgu  (15000  feet  in  height),  and  the  eastern 
the  lake  of  Tso  Motretungf  (14000  feet).  Neither  lake  has  at  present  any  perennial 
outlet,  but  Tso  Motretung  is  surrounded  by  feeders  of  the  Arun  and  is  believed  to 
overflow  occasionally  into  the  Yaru.  { 

The  central  portion  of  the  trough  is  drained  by  the  Arun,  which  has  created  for 
itself  a  gorge  of  escape  through  the  great  Himalayan  range  between  Mount  Everest  and 
Kinchinjunga. 

In  its  Trans-Himalayan  trough  the  Arun  is  75  paces  broad  in  October,  and  it 
meanders  over  flat  plains  of  alluvium,  known  as  the  Dingri  Maidan. 

Sir  Joseph  Hooker  describes  its  upper  valley  as  '  *  the  broad  sandy  valley  of  the 
**  Arun. ' '  §  Mr.  Hodgson  once  asked  a  Nepalese  soldier  if  the  Dingri  Maidan  was  as 
large  as  the  Central  Nepal  valley.  "  Horsemen,"  the  man  replied,  '*  could  not  gallop 
'*  about  Nepal  ;  they  would  have  to  keep  to  the  roads  and  pathways.  But  numerous 
"  regiments  of  cavalry  could  gallop  at  large  over  the  plains  of  Dingri. "|| 

The  height  of  the  plains  in  the  upper  valley  of  the  Arun  is  between  13000  and  14000 
feet.  The  glaciers  of  Nepal  do  not  now  descend  below  15000  feet,  but  there  are 
many  proofs  that  they  once  occupied  the  plains  of  Dingri.  Sir  J.  Hooker  describes  an 
ancient  moraine,  deposited  in  the  upper  Arun  valley  by  a  former  glacier,  but  now  remote 
from  existing  ice.  '  *  In  front,"  he  writes,  ' '  close  above  my  tent  was  a  gigantic  wall  of 
"  rocks,  piled — as  if  by  the  Titans — completely  across  the  valley  for  about  three-quarters 
"  of  a  mile.  This  striking  phenomenon  had  excited  all  my  curiosity  on  first  obtaining 
"  a  view  of  it.     The  path  I  found  led  over  it,  close  under  its  west  end,  and  wound 


*  The  valley  of  the  Arun  is  larger  than  that  of  Kashmir  ;  a  comparison,  however,  is  hardly  suitable,  as  the  former  is- 
situated  in  a  structural  trough  on  the  Tibetan  side  of  the  great  Himalayan  range,  whilst  the  latter  is  in  a  trough  on  the 

Indian  side. 

I  Tso  Motretung  was  called  Chomto  Dong  in  former  reports  and  maps  of  the  Survey. 
t  Norlh-Eastem  Frontier  Sheet  No.  6  N.W.,  scale  1  inch=!4  miles. 

§  Himalayan  Journals,  Vol  11,  page  167. 

II  Selections  from  the  records  of  the  Oovemment  of  Bengal,  Vol.  XXVII,  page  92. 
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**  amongst  the  enormous  detached  fragments  of  which  it  was  formed,  and  which  were 
**  often  80  feet  square :  all  were  of  gneiss  and  schist  with  abundance  of  granite  in 
"  blocks  and  veins.  A  superb  view  opened  from  the  top,  revealing  its  nature  to  be 
a  vast  moraine,  far  below  the  influence  of  any  existing  glaciers,  but  which  at  some 
antecedent  period  had  been  thrown  across  by  a  glacier  descending  to  10000  feet- 
from  a  lateral  valley  on  the  east  flank."* 

The  Bhotia  Kosi  rises  at  the  Thanglang  pass,  which  is   35  miles  north  of  the 

crest-zone  of  the  sreat  Himalaya  range  and  10  mile&- 
south  of  the  upper  Arun.  The  height  of  this  pass  is 
18460  feet :  the  source  of  the  Bhotia  Kosi  is  thus  5000  feet  above  the  Arun  valley  to 
the  north,  and  6000  feet  below  the  nearer  peaks  of  the  great  range.  The  Bhotia  Kosi 
as  a  river  is  thus  interesting  in  that  it  rises  behind  the  axis  of  the  great  range,  though 
it  has  not  tapped  the  trough  in  rear. 

In  1871  a  native  explorer  of  the  Survey  of  India  crossed  the  Thanglang  pass  from 
the  north,  and  marched  down  the  Bhotia  Kosi,  and  from  his  accounts  the  following 
description  was  compiled  by  Colonel  Montgomerie : — 

'  *  Between  Nilam  (north  of  the  great  range)  and  Listi  Bhansar  (south  of  the  range) 
"  the  explorer  followed  the  general  course,  of  the  Bhotia  Kosi  river,  and  though  it  is 
"  but  some  25  miles  direct  distance  between  the  two  places,  the  explorer  had  to  cross  the 
"  Bhotia  Kosi  river  15  times  by  means  of  3  iron  suspension  and  12  wooden  bridges,  each 
*'  of  from  24  to  60  paces  in  length.  At  one  place  the  river  ran  in  a  gigantic  chasm, 
"  the  sides  of  which  were  so  close  to  one  another,  that  a  bridge  of  24  paces  was  sufficient 
"  to  span  it.  Near  this  bridge  the  precipices  were  so  impracticable,  that  the  path  had 
"  of  necessity  to  be  supported  on  iron  pegs  let  into  the  face  of  the  rock,  the  path  being 
"  formed  by  bars  of  iron  and  slabs  of  stone  stretching  from  peg  to  peg  and  covered  with 
**  earth.  This  extraordinary  path  is  in  no  place  more  than  18  inches  and  often  not  more 
"  than  9  inches  in  width,  and  is  carried  for  more  than  one-third  of  a  mile  (775  paces)  along 
"  the  face  of  the  clifi,  at  some  1500  feet  above  the  river,  which  could  be  seen  roaring 
**  below  in  its  narrow  bed.  The  explorer,  who  has  seen  much  difficult  ground  in  the 
"  Himalaya,  says  he  never  in  his  life  met  with  anything  to  equal  this  bit  of  path."f 

From  Listi  Bhansar  the  explorer's  route  passed  through  country  characteristic 
of  the  Himalaya  south  of  the  great  range,  being  extremely  rugged  for  considerable 
distances,  and  easy  in  the  troughs  or  '  duns  '  :  he  crossed  the  Indrawati  feeder  of  the 
Kosi,  and  found  that  it  drained  five  small  tarns  called  Panch  Pokri. 

The  Dudh  Kosi,  like  the  Bhotia  Kosi,  rises  in  the  great  Himalayan  range  behind 

the  crest-zone  and  the  great  peaks.     It  separates  Mount 
Everest  from   Gaurisankar,  and  rises  close  to   the  great 
peak  T42  (25433  feet). 

In  1885  an  explorer  followed  the  course  of  the  Dudh  Kosi  from  the  south,  crossed 
the  Pangula  pass  at  its  source  and  descended  into   the   upper  Arun   valley  behind. 

♦  Himalayan  Journals^  Vol.  I,  Chap.  X.     This  moraine  stood  700  feet  abovo  the  floor  of  the  valley, 
t  General  Rejiort  on  the  operations  of  the  Oreat  TrigononvJricjl  Survey  of  India,  1871-72. 
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The  Pangula  pass  he  described  as  the  highest  and  the  most  formidable  one  that  he  had 
ever  crossed  ;  it  is  24  miles  west-north-west  of  Mount  Everest,  and  the  explorer's  route 
^  passed  within  15  miles  of  the  great  peak.***  He  thus  approached  nearer  to  the  highest 
point  of  the  earth's  surface  than  any  other  geographical  observer  has  ever  succeeded 
in  doing :  he,  however,  saw  nothing  of  it,  as  it  was  hidden  from  view  by  intervening 
cli&  and  ridges. 

It  has  always  been  regretted  that  this  explorer  failed  to  make  any  determinations 
of  height :  he  estimated  the  height  of  the  Pangula  pass  at  20000  feet,  but  no  reliance 
oan  be  placed  upon  his  guesses. 

The  Tambar  or  Tamor  or  Tamru  is  the  most  easterly  affluent  of  the  Kosi :  it  rises 

behind  the  crest-zone  of  the  great  Himalayan   range,  and 


""^  drains  the   south-western   face  of  Ejuichinjunga   and  the 

western  slopes  of  the  Singalila  ridge.     The  peaks  of   Jano  and    Kambachen  stand 
uriithin  its  basin,  and  the  glacier  of  Yalung  feeds  its  waters. 

*jQtiMral  Eeport  of  the  Survey  of  India,  1886^6. 
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THE  RIVERS  OF  THE  ASSAM  HIMALAYA. 

The  principal  rivers  of  the  Assam  Himalaya  are  the  Raidak,  the  Manas  and  the 
Brahmaputra :  the  Tista  has  been  included  with  them  in  this  section,  but  it  is  the  river 
of  Sikkim,  and  does  not  enter  Assam.  Sikkim  is  the  name  given  to  the  Himalayan 
area  drained  by  the  Tista  ;  it  is  situated  at  the  junction  of  the  Nepal  and  Assam  Him- 
alaya,  and  separating  the  two  belongs  to  neither.  Some  writers  have  referred  to  the 
mountains  of  Sikkim  as  the  Sikkim  Himalaya,  but  in  this  paper  we  have  endeavoured 
to  limit  the  numbers  of  Himalayan  divisions,  and  as  Sikkim  is  a  ver}"  small  area,  we  have 
regarded  the  bed  of  the  Tista  as  the  eastern  boundary  of  the  Nepal  Himalaya  and  as 
the  western  boundary  of  the  Assam  Himalaya. 

The  Tista.  * 

Compared  with  the  basins  of  other  Himalayan  rivers  that  of  the  Tista  possesses 
exceptional  features  (chart  xxviii).  The  Lesser  Himalayan  range  and  the  Siwalik 
range  seem  both  to  be  absent,  and  the  great  Himalayan  range  has  been  cut  back  into  a 
bay  instead  of  being  pierced  by  a  river  gorge,  f 

The  great  Himalayan  range  trends  from  Kinchinjunga  to  Chumalhari,  but  it  may 
be  questioned  whether  its  alignment  between  the  two  peaks  was  originally  straight. 
It  is  possible  that  the  great  range  was  slightly  curved  east  of  Kinchinjunga.  But  whether 
the  Tista  originally  flowed  down  from  a  straight  range,  or  whether  its  development 
was  assisted  by  a  concave  bay  in  the  range,  there  is  but  little  doubt  that  it  has  suc- 
ceeded in  cutting  back  through  the  great  Himalaya  by  head  erosion,  and  that  its  sources 
are  now  situated  behind  the  original  line  of  crest. 

The  Tista  rises  on  the  northern  side  of  the  Himalayan  crest-zone,  but  not  north 
of  the  range  itself,  and  it  does  not  drain  any  structural  trough  in  rear  of  the  range  as  the 
Aran  does.  The  drainage  of  the  northern  slopes  of  the  Kinchinjunga  mass,  though  not  of 
the  supreme  summit,  passes  into  the  Arun. 

The  basin  of  the  Tista  has  probably  a  heavier  raiafall  than  any  other  Himalayan 
basin ;  not  only  is  it  situated  at  the  head  of  the  Bay  of  Bengal  but  there  are  no  outer 
ranges  of  mountains  to  bar  the  progress  of  the  moisture-bearing  winds. 

On  issuing  from  the  mountains  the  Tista  flows  near  the  water-parting  between  the 
alluvial  basins  of  the  Ganges  and  Brahmaputra :  formerly  its  course  in  the  plains 
was  southwards  and  it  joined  the  Ganges  at  JaflSrganj,  but  in  1787  it  suddenly  changed 
its  direction  and  opened  out  a  new  channel  to  the  eastward,  in  which  it  has  since  flowed,, 
joining  the  Brahmaputra  above  Divanganj.J 

*  Much  interesting  inforinatiou  concerning  the  Tista  and  many  beautifol  views  of  Sikkim  wiU  be  fonnd  in  Douglas  IVesh- 
field' iB  Sound  Kangehenjungtu 
t  North-East  Trans-frontier  Sheet,  7  N.  W.,  1  inch  =  4  milee. 
X  RudimerUa  of  Physical  Oeograpky,  by  H.  F.  Blanford. 
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From  Sir  Joseph  Hooker's  descriptions  of  the  Tista  it  would  appear  that  it  does 
drain  a  comparatively  level  valley  in  rear  of  the  great  granite  range,  though  not  a 
tectonic  trough.  "  Above  11000  feet,"  he  wrote,  "  the  valley  expands  remarkably,  the 
**  mountains  recede,  become  less  wooded  and  more  grassy,  while  the  stream  is  suddenly 
**less  rapid,  meandering  in  a  broader  bed  and  bordered  by  marshes."* 

"  The  upper  portion  of  the  course  of  the  Tista  (Lachen-Lachoong)  is  materially 
^*diflEerent  from  what  it  is  lower  down,  becoming  a  boisterous  torrent  as  suddenly  as 
"  the  Tambur  does  above  Mywa  Guola.  Its  bed  is  narrower,  large  masses  of  rock 
•impede  its  course,  "f 

**  From  its  principal  source  at  lake  Cholamo  it  descends  from  17000  to   15000   feet 

"  with  a  fall  of  60  feet  to  the  mile ;  from  15000  to  12000  feet  the  fall  is  140  feet  to  the 

"  mile ;  in  the  third  part  of  its  course  it  descends  from  12000  to  5000  feet  with   a  fall 

*  of  160  feet  to  the  mile  :  and  in  the  lower  part  the  descent  is  from  5000  feet  to  the 

plains  of  India  at  300  feet  giving  a  fall  of  50  feet  to  the  mile.     There  is,  however,  no 

marked  limit  to  these  divisions ;  its  valley  gradually  contracts,  and  its  course  gradually 

becomes  more  rapid. "J 

Sir  Joseph  Hooker  calls  attention  also  to  the  remarkable  absence  of  large  stones 
or  boulders  from  the  bed  of  the  Tista.§ 

The  Raidak  and  the  Manas, 

The  Himalayan  area  drained  by  the  Raidak  and  Manas  is  known  as  Bhutan  (chart 
xxix).  The  positions  and  heights  of  a  few  peaks  in  the  basins  of  these  rivers  have 
been  fixed,  and  the  courses  of  the  main  streams  followed ;  but  observations  have  been 
insufficient  to  justify  any  definite  statements,  and  to  a  great  extent  the  country  is  a 
terra  incognita.]] 

'*  In  Bhutan,  "  wrote  Colonel  Tanner  in  1891,  *'  all  the  rivers  can  be  set  down 
•*  as  unknown,  except  the  Lhobrak  of  Tibet,  which  emerges  into  India  as  a  part  of  those 
"large  rivers  which,  united,  form  the  Manas  of  the  plains."^ 

Captain  Pemberton  traversed  Bhutan  from  west  to  east  in  1838,  and  he  dis- 
<50vered  that  there  were  several  passes  leading  from  Tibet  into  the  basin  of  the 
Manas. 

The  interesting  feature  in  the  geography  of  the  Raidak  is  that  the  hill  rivers  flow 
out  independently  parallel  to  one  another  and  perpendicularly  to  the  ranges,  instead 
of  combining  behind  one  of  the  outer  ranges  to  force  a  joint  passage.  The  reason 
of  this  peculiarity  is  that  the  outer  Himalayan  and  Siwalik  ranges  are  not  represented 
by  any  marked  chains  of  mountains  in  the  basin  of  the  Raidak. 

*  Himalayan  JoumalSf  Vol.  II,  page  66. 

I  Himalayan  Joumah,  Vol.  II,  page  15. 

I  Himalayan  JoumalSf  Vol.  II,  page  3i)9. 

I  Himalayan  JoumalSf  Vol.  I,  page    397. 

|{  For  exploration  of  the  Manas  basin,  see  General  Eeport^  Survey  of  India^  1866-67. 

^  Proceedings,  Royal  Geographical  Society,  Vol.  XIII,  1891,  page  416. 
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In  the  Manas  basin  the  lower  ranges  re -appear  and  gain  their  normal  elevation, 
and   the   phenomenon    of  rivers   converging  and  uniting  in   the  mountains  is  again 

witnessed. 

The  valley  of  Chumbi  is  drained  by  the  Ammu  tributary  of  the  Raidak,  and 
consequently  forms  part  of  the  basin  of  the  latter.*  This  valley  is  the  only  portion  of  the 
Himalayan  area  south  of  the  great  range,  that  belongs  to  Tibet.  The  rainfall  in 
Chumbi  is  very  small  compared  to  that  of  the  contiguous  province  of  Sikkim. 

The  BrahmaptUra. 

The  basin  and  tributaries  of  the  Brahmaputra  are  shown  in  chart  xxx  :  this 
river  rises  near  the  sources  of  the  Kamali  and  Sutlej  in  Tibet  at  a  height  of  16000  feet. 
Unlike  the  Indus,  or  Sutlej,  or  Kamali,  it  has  cut  no  deep  channel  for  itself  in 
Tibet,  and  in  spite  of  its  immense  elevation  it  is,  south  of  Lhasa,  a  sluggish  and  navigable 
river.  Its  basin  is  nowhere  in  contact  with  that  of  the  Indus.  Its  bed  is  14840  feet 
high  at  Tradom,  11800  feet  at  Shigatze,  8000  feet  at  Gyala  Sindong  and  442  feet  at 
^adiya  in  Assam. 

The  remarkable  feature  of  the  Brahmaputra  in  Tibet  is  the  tendency  of  its  feeders 

to  flow  in  a  direction  opposite    to  that    of    the  trunk 

Change  in  directioo  of  flow.         ^^^^  ^    jj   ^^^  ^^^  j^^^^j.  j^^^  ^^^^  observed  to  take  a 

course  contrary  to  that  of  the  river,  the  phenomenon  might  have  been  attributed  to 
some  local  topographical  peculiarity ;  but  when  all  the  principal  affluents  of  a 
long  section  of  the  river  are  found  to  follow  the  same  contrary  course,  it  becomes 
evident  that  the  Brahmaputra  must  at  no  distant  time  have  flowed  from  east  to  west 
in  Tibet,  and  that  its  tributaries  were  developed  during  that  period  of  its  history. 

It  has  been  held  by  some  authorities  that  the  Bxahmaputra  has  been  diverted  from 
an  original  course  through  China,  and  has  been  forced  to  cut  a  passage  through  the 
Assam  Himalaya.}  But  in  our  opinion  the  evidence  furnished  by  its  feeders  is 
conclusive  ;  the  Brahmaputra  formerly  flowed  through  Tibet  from  east  to  west.  It  is  not 
possible  to  express  an  opinion  at  present  as  to  where  it  escaped  through  the  Himalaya  : 
it  may  have  flowed  over  the  Photu  pass  and  through  the  defile  of  the  Kali  Gandak ; 
it  may  have  passed  through  the  basin  of  the  Karnali,  and  it  may  have  followed  the 
present  Himalayan  course  of  either  the  Sutlej  or  the  Indus  :  arguments  can  be  adduced 
to  show  that  each  of  these  hypotheses  is  worthy  of  future  investigation,  but  with  our 
present  knowledge  no  conclusion  can  be  reached.  § 


♦  North -Eaflt  Frontier  Sheet,  7  N.  W.,  1  inch  =  4  miles. 

t  Annual  Beport  of  the  Board  of  Sdeniifie  Advice  for  India^  1906-06. 

t  India,  by  Sir  T.  Hddich,  1906,  page  111. 

^  The  following  evidence  supports  the  idea  that  the  Brahmaputra  once  escaped  from  Tibet  along  the  present  course  of  the 
Kali  Gandak.  The  Photu  pass  separating  the  basin  of  the  Kali  Gandak  from  the  present  basin  of  the  Brahmaputra  i8  an 
extraordinary  depression  in  the  Ladak  range  and  is  only  260  feet  higher  than  the  Brahmaputra  plains  of  Tibet.  The  gorge  of 
the  Kali  Gandak  intersecting  the  great  Himalaya  is  immensely  deep  and  can  hardly  have  been  cut  by  the  volume  of  water 
issuinff  from  so  small  a  catchment  basin,  as  the  river  now  possesses  behind  the  great  Himalaya. 

Th«^  the  Brahmaputra  once  flowed  out  from  Tibet  by  the  chamiel  of  the  Sutlej  is  an  hypothesis  that  helns  to  explain 
the  oresent  existence  of  the  great  canyon  in  Tibet ;  the  small  stream  that  now  trickles  along  the  floor  of  fhe  canyon  canno*^ 
have  sufficed  to  cut  such  a  mighty  ravine.  The  course  of  the  Sutlej  in  Tibet  follows  the  same  alignment  as  that  of  the 
Brahmaputra,  and  the  channels  of  the  Spiti  and  the  Gienab  aro  further  extensions  of  the  same  linf^.  (continued  on  next  page). 
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Of  the  great  rivers  of  the  world,  the  Brahmaputra  furnishes  the  only  instance  of 
drainage  flowing  in  a  diametrically  opposite  direction  to  what  it  formerly  did,  though 
still  occupying  the  same  bed. 

The  principal  Tibetan  tributaries  of  the  Brahmaputra,  that  may  be  observed  to- 
flow  against  the  present  river,  are  : — 
{i)  The  Kyi,   or  Lhasa  river. 

(n)  The  Nyang,  joining  the  Brahmaputra  at  Shigatze. 
(m)  The  Rang. 
(iv)  The  Shang. 
Many  smaller  feeders  adopt  contrary  courses  also. 

The  most  recent  maps  show  that  shortly  before  their  junctions  with  the  Brahma- 
putra, these  tributaries  are  beginning  to  bend  in  their  courses,  and  to  turn  towards  the 
present  direction  of  the  Brahmaputra's  flow,  and  in  their  future  development  they 
will  doubtless  adapt  themselves  to  the  altered  conditions. 

The  Nyang  tributary  rises  near    two    lakes    north    of    Chumalhari,    forces    its 

way    through    the    Ladak    range,  and    falls    into  the 

The  Nyang  tributaiy.  ./  o  ^ 

Brahmaputra  near  Shigatze.*  It  is  the  only  Tibetan 
tributary  of  the  Brahmaputra  that  drains  the  great  Himalayan  range,  and  the 
only  river  east  of  Manasarowar  that  pierces  the  Ladak  range.  The  peculiar  bay,  which 
is  to  be  noticed  in  the  water-parting  on  chart  xxxv  between  Kinchinjunga  and  Chum- 
alhari, is  due  to  the  passage  of  the  Ladak  range  by  the  Nyang  river.  The  Arun,  the 
Kali  Gandak,  the  Birehi  and  others  rise  in  the  Ladak  range  and  pierce  the  great  Him- 
alaya, the  Nyang  rises  in  the  great  Himalaya  and  pierces  the  Ladak. 

The  Kyi  or  Lhasa  river  rises  in  the  Ninchinthangla  range,  and  forces  a  passage 

The  Kyi  and  Raga  tributaries,      through  the  Kailas  range. 

The  frontispiece  chart  shows  how  the  Kailas  range  bifurcates  in  Tibet :  it  is  this 
bifurcation  that  gives  rise  to  the  Raga  river. 

The  great  lake  of  Yamdrok  is  situated  at  a  distance  of  five  miles  from  the  Brahma- 
putra :  it  is  confined  between   two    ranges,    the    Ladak 

Yamdrok  lake.  ,  ,  iii  ip-itt"*! 

range  to  the  south  and  the  branch  of  the  Kailas  to 
the  north.f  The  level  of  water  in  the  lake  is  14350  feet,  that  of  the  bed  of  the 
Brahmaputra  opposite  to  it  is  11700  feet,  a  fall  of  2650  feet  in  five  miles.  In  the 
range  separating  the  lake  from  the  river  is  a  notch  15400  feet  high, — about  1000  feet 
above  the  level  of  the  lake.  It  is  doubtful  whether  any  connection  exists  between  this 
lake  and  the  Brahmaputra ;  J  the  water  of  the  lake  is  believed  to  flow  westwards  by  an 

The  belief  that  the  Brahmaputra  was  formerly  an  affluent  of  the  Indus  in  Tibet  rests  only  upon  the  great  depth  to- 
which  the  Indus  has  cut  down  its  bed  in  Tibet.  The  bed  of  the  Sutlej  at  its  exit  from  Tibet  is^  10000  feet  high,  that  of 
the  Brahmaputra  is  8000  feet,  but  that  of  the  Indus  is  only  4600. 

The  suggested  explanations  of  the  former  course  of  the  Brahmaputra  are  the  merest  conjectures ;  it  will  be  notioed 
that  they  all  depend  upon  the  taoit  assumption  that  existing  streams  cannot  have  accomplished  the  work  of  erosion  that  has 
been  accomplished.  We  possess  however  no  sufficient  data  upon  which  to  build  estimates  of  the  eroding  power  of  streams 
acting  through  millions  of  years,  and  seeing  that  Tibet  once  possessed  a  moist  climate,  we  are  not  warranted  in  assuming 
that  the  volume  of  water  discharged  by  rivers  has  never  been  larger  than  at  present. 

*  North-East  Frontier  Sheets,  6  N.  W.,  and  6  S.  W.,  I  mch  «  4  miles. 

tNoTtb-East  Frontier  Sheets,  6  N.  E.,  and  6  S.  E.,  1  inch » 4  miles. 

t  See  Ryder's  notes,  General  Jieport,  Survey  of  India,  1903-1904,  Appendix,  p.  xviii. 
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underground  channel  into  the  Bang  tributary.  For  many  years  it  has  been  an  open 
question  whether  the  lakes  of  Manasarowar  ever  overflow  into  the  Sutlej,  and  the 
connection  between  Yamdrok  and  the  Brahmaputra  presents  a  similar  problem. 

The  Tibetan  portion  of  the  Brahmaputra  was  formerly  known  in  geography  as  the 

Sangpo.     For  many  years    uncertainty  prevailed    as   to 

BrlteiiJSrl*^  ""^  ^^  ^*°*^  '^^    whether  the    Sangpo  flowed  into    the  Brahmaputra   of 

Assam,  or  into  the  Irrawaddy  of  Burma.  The  idea  that 
the  Irrawaddy  was  the  debouchment  of  the  Sangpo  originated  with  D'Anville  and  the 
Chinese  surveyors.  Their  view  was  maintained  by  Dalrymple,  the  author  of  the 
Oriental  Repertory,  and  by  Klaproth,  but  it  was  opposed  by  Rennell  in  1793. 
In  1885  it  was  revived  and  ably  argued  by  Robert  Gordon,  but  was  combated 
by  General  Walker,  who  was  one  of  Rennell's  successors  as  Surveyor  General 
at  Calcutta.*  The  problem  was  solved  by  the  explorations  of  Pandit  Kishen  Singh, 
and  it  is  now  known  for  certain  that  the  Sangpo  of  Tibet  is  the  upper  course  of  the 
Brahmaputra. 

The  existence  of  the  Sangpo  river  of  Tibet  first  became  known  to  western  geo- 
graphers through  D'Anville's  maps,  which  were  compiled 

<>A^^^St^^i^th^^'^^''''    fr^^  surveys  made  at  the  beginning  of    the  eighteenth 

century  by  Chinese  lamas.  The  river  was  actually 
crossed  by  Bogle  on  his  way  to  Lhasa  in  the  year  1774,  and  a  few  years  later  by 
Turner  and  Manning. 

It  was  about  1860  that  Colonel  Montgomerie  first  commenced  to  train  natives  of 
the  Himalaya  in  the  rougher  branches  of  surveying  and  to  work  out  his  plan  for  the 
systematic  exploration  of  Tibet  and  Central  Asia.  In  1865,  Pandit  Nain  Singh,  one 
of  Montgomerie's  explorers,  penetrated  through  Nepal  to  Lhasa,  crossing  the  Brah- 
maputra at  Tradom  :  this  was  the  first  occasion  on  which  an  Indian  surveyor  had  seen 
the  Sangpo  river  of  Tibet.  Nain  Singh  returned  from  Lhasa  to  India  via  the  Manasar- 
owar lakes  :  he  estimated  that  the  average  height  of  the  road  between  Lhasa  and  Tradom 
was  13500  feet  and  between  Tradom  and  Manasarowar  15000  feet.t 

He  discovered  that  the  great  river  flowed  in  a  south-easterly  direction  for  about 
170  miles,  and  thence  adhered  very  closely  to  a  due  east  course  for  at  least  500  miles 
more :  at  600  miles  from  its  source  he  measured  its  discharge,  which  he  found  to  be 
35000  cubic  feet  a  second  in  December.  "  The  navigation  at  13500  feet  above  the  sea," 
wrote  Colonel  Montgomerie,  "  rude  though  it  may  be,  is  an  extraordinary  feat : 
"  navigation  of  any  kind  at  such  an  altitude  being  quite  unknown  in  any  part  of  either 
"  the  old  world  or  of  the  new.  If  the  Pandit  had  any  doubt  as  to  the  great  volume  of 
**  the  river  it  was  completely  removed  by  a  squall  which  suddenly  swept  across  the  broad 
**  expanse  of  water  ;  the  wind  raising  such  large  waves  that  the  small  fleet  of  boats 
^*  carrying  the  Pandit  and  his  companions  only  escaped  swamping  by  taking  to  the 
''nearest  shore." 

*  Proceedings,  Royal  Qtogiaphical  Society,  Vol.  VII,  1885. 

t  Report  of  a  route  survey  made  by  Pandit  Nain  Singh\hj  Captain  T.  G.  Montgomerie,  R.E. 

Tradom  is  in  lon^iitude  84°  15'  :  Northern  Frontier  sheet  22  N.  W. 
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In  1874,  Pandit  Nain  Singh  started  from  Leh  in  Western  Tibet,  and  marched  over 
1200  miles  of  previously  unknown  country.  He  reached  Chetang,  a  town  on  the' 
Brahmaputra,  50  miles  east  of  Lhasa.  At  Chetang,  the  lowest  point  on  the  course 
of  the  Brahmaputra  in  Tibet  that  had  up  till  then  been  visited  by  an  explorer, 
the  Pandit  found  the  width  of  the  river  to  be  500  yards ;  the  stream  was  very  sluggish 
and  the  depth  of  the  water  nowhere  more  than  20  feet.  On  the  left  bank  of  the  river 
was  an  expanse  of  sand,  one  and  a  half  miles  wide,  which  was  said  by  the  Tibetans  to 
be  under  water  during  the  river  floods  of  the  summer.* 

In  1875,  an  explorer  named  Lala  traced  the  Brahmaputra  from  Shigatze  to 
Chetang,  but  went  no  further  eastwards  than  Nain  Singh  had  done. 

In  1878  Lieutenant  Harman,  R.E.,  trained  a  Bhutia  explorer,  named  Nem  Singh,t 
„     _.    ^  and  sent  him   to    Chetang    with  orders   to   survey  the 

Nem  Singh.  ^ 

course  of  the  river  eastwards.  Nem  Singh  was  able 
to  follow  the  Sangpo  to  a  place  called  Gyala  Sindong  (chart  xxx)  which  waa 
200  miles  from  Chetang :  120  miles  below  Chetang  the  explorer  found  the  river  still 
very  sluggish,  but  it  was  now  only  250  paces  broad  and  had  become  considerably  deeper. 
To  Gyala  Sindong  Nem  Singh  gave  the  height  of  8000  feet.J 

The  largest  tributary  of  the  Brahmaputra  in  Assam  is  the  Dihang ;  and  it  had  been 
_  .      .  ,    ^.^  ffenerally  recoenised  by  geographers,  even  in  the  early 

The  exploration  of  the  Dihang.  ®  .  ^oorj  j 

part  of  the  nineteenth  century,  that  if  the  Sangpo  of 
Tibet  did  flow  into  the  Brahmaputra  of  Assam,  it  must  come  by  the  course  of  the 
Dihang — ^it  must  in  fact  be  that  tributary  of  the  Brahmaputra,  which  was  called  in 
Assam  the  Dihang.§ 

Gyala  Sindong,  situated  on  the  Tibetan  side  of  the  Himalaya,  was  only  100  mile& 
distant  from  a  point  which  had  been  fixed  on  the  Dihang  on  the  Assam  side  of  the  Him- 
alaya. Nem  Singh  was  told  by  the  Tibetans  at  Gyala  Sindong  that  the  Sangpo  after 
flowing  through  the  mountains  entered  a  land  ruled  by  the  British.] | 

In  1880,  a  Chinese  Lama  of  Giardong  was  despatched  by  Captain  Harman  to 
explore  the  Sangpo  below  Gyala  Sindong,  and  to  follow  the  great  river  through  the 
Himalaya  to  the  plains  of  India.  If  he  was  unable  to  penetrate  the  mountains,  he 
was  directed  to  throw  marked  logs  into  the  stream  at  the  lowest  point  reached,  and 
Captain  Harman  arranged  that  men  should   always  be  watching  the  Dihang  river  in 

♦  Report  on  Trans-Himalayan  Explorations,  1873-74-75,  Oreat  Trigonomeirical  Survey  of  India, 
■f  The  G.  M.  N.  of  the  Indian  Survey. 
J  Report  on  Trans-Himalayan  Explorations  in  1878. 

§  Hannan  found  that  the  Dihang  had  a  minimum  discharge  in  Assam  of  55500  cubic  feet  per  second*  or  four  times  that 
of  the  Subansiri  tributary  and  twice  that  of  the  Dibang  (chart  xxx). 


Discharge  of 

Cubic  feet  per  second. 

1 
Dihang       .... 
Lohit  and  Tenga 
Dibang  and  Sesiri 
Subansiri 

1 

65600 
33800 
27200 

icooo 

11  General  SeporU  Survey  of  India.  187J*-70. 
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Assam  for  the  arrival  of  the  logs.     The  identity  of  the  great  river  of  Tibet  with  the 
Brahmaputra  would  then  be  proved. 

Kinthup,  a  native  of  Sikkim,  who  had  previously  accompanied  the  explorer  Nem 
Singh  to  Gyala  Sindong,  and  had  been  employed  on  explorations  in  Bhutan,  was  sent 
with  the  Chinese  Lama  as  his  assistant.  Captain  Harman's  plans  were  upset  by  the 
treachery  of  the  Lama,  who  sold  Kinthup  as  a  slave  in  the  Pemakoi  country 
and  decamped  to  his  home  in  China.  Kinthup  on  regaining  his  freedom  followed  the 
Sangpo  down  from  Gyala  Sindong  and  reached  a  place  called  Onlet  (chart  xxx)» 
Onlet  is  only  a  few  miles  from  Miri  Padam,  the  abode  of  the  Miri  and  Padam  tribes, 
who  are  known  to  inhabit  the  country  near  the  place,  where  the  Dihang  breaks  through 
the  hills  into  Assam.  Kinthup  was  informed  at  Onlet  that  Miri  Padam  was  35 
miles  from  the  plains  of  India.*  The  Sangpo  of  Tibet  was  thus  traced  to  Onlet,  which 
is  less  than  50  miles  from  the  place  where  the  Dihang  passes  out  of  the  Himalaya  into 
Assam.  "  I  conceive,"  wrote  Colonel  Tanner,  "  that  no  further  doubt  should  remain 
"  even  in  the  minds  of  the  most  sceptical  as  to  the  identity  of  the  great  river  of 
**  Tibet  with  the  Dihang."t 

In  1881,  the  explorer  Kishen  Singh,  proceeding  from  the  east,  crossed  the  water- 
parting  between  the  Salween  and  the  Brahmaputra,  and  entered  the  horse-shoe  shaped 
basin  of  the  Zayul,  the  easternmost  feeder  of  the  Brahmaputra  (chart  xxx).  He 
travelled  down  the  bed  of  the  Zayul  to  Sama  which  is  only  100  miles  from  Sadiya  in 
British  territory,  but  being  prevented  from  entering  Assam  he  had  to  retrace  his  steps.J 

Near  Pemakoi,  ten  miles  below  Gyala  Sindong,  the  Sangpo  has  a  vertical  drop  in 

its  bed,  and  here  occur  the  only  considerable  falls,  which 

The  falls  of  the  Brahmaputra.         i_  ■■  t  -i         .-t     ..         -i      .  e       tt-       i 

have  been  discovered  on  the  trunk  stream  of  a  Himalayan 
river. 

Kinthup  described  these  falls  of  the  Sangpo  as  follows : — "  The  Sangpo  is  two 
"  chains  distant  front  the  monastery,  and  about  two  miles  off  it  falls  over  a  cliff 
"  called  Sinji  Chogyal  from  a  height  of  about  160  feet.  There  is  a  big  lake  at  the  foot 
"of  the  falls,  where  rainbows  are  always  observable. "§ 

Geographers  have  predicted  that  great  falls  would  be  discovered  on  the  Sangpo 
between  Gyala  Sindong  and  Assam,  but  there  are  no  real  grounds  for  such  a  belief.  The 
average  fall  of  the  Sangpo  below  Gyala  Sindong  to  Assam  is  no  greater  than  that  of 
numerous  other  Himalayan  rivers,  on  none  of  which  are  great  falls  to  be  found.  Chart 
XXXVII  has  been  drawn  to  show  that  the  further  a  river  rises  behind  the  great 
Himalaya,  the  less  prospect  is  there  of  great  falls  being  discovered  on  its  course  :  rivers 
that  rise  on  the  south  side  of  the  great  Himalaya  experience  the  severest  drop,  whilst 
rivers,  like  the  Brahmaputra,  that  rise  in  Tibet  have  an  easier  fall  than  the  Arun,  the 
Kali  Gandak,  or  the  Alaknanda. 


*  AceouTit  of  Tram-Himalttyan  Exfloraiicmf,  Oeneral  Beportf  Survey  of  India,  1886-87. 

I  Oeneral  Bepori^  Swrvey  of  India,  188M7. 

I  Mr.  J.  B.  m.  Benntssey*e  Bepori  on  the  Exploraiione  of  A-K  in  1870-82. 

{  K-P'e  narraiive,  translated  by  Norpu. 
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In  1877  Captain  Woodthorpe  penetrated  the  mountain  basin  of  the  Subansiri: 

this    tributary  of    the   Brahmaputra  was    supposed  at 
TTie  Subansiri  ^^^  ^^^  ^  ^^  ^^^  Continuation  of  the  Sangpo  of  Tibet, 

but  there  is  no  evidence  tending  to  connect  the  two,  and  as  a  river  it  is  very  inferior 

to  the  Dihang. 

That  the  Subansiri,"  wrote  Captain  Woodthorpe,  "  rises  behind  the  high  snowy 
peaks  seen  from  Tezpur,  I  think  very  likely  from  its  size  and  velocity,  but  its  volume 
**  is  only  one-fourth  that  of  the  Dihang.  The  Subansiri  is  a  noble  river  in  the  hills, 
"  and  the  gorges  through  which  it  emerges  into  the  plains  are  singularly  fine  :  the  banks 
*'  are  formed  of  precipitous  masses  of  rock  enclosing  deep  pools,  in  which  measurements 
*'  give  a  depth  of  70  and  80  feet :  the  river  is  about  70  yards  broad  at  Ganditula  and 
**  flows  with  great  velocity."* 

A  tnmk  stream  is  almost  always  joined  by  a  large  tributary  at  the  point,  where  it 
.  ^    ^     .  bends  to    pierce   a   range.     The     Gileit   river  joins  the 

Comparisons  with  other  nvers,  ^  ^  . 

Indus  near  the  knee-bend  of  the  latter  above  Bunji :  the 
Maru  Wardwan  joins  the  Chenab  near  the  knee-bend  at  Kishtwar :  similarly  the  Spiti 
joins  the  Sutlej  near  its  bend,  and  a  large  eastern  affluent  joins  the  Anm.  But  so  far 
no  great  tributary  has  been  found  to  join  the  Brahmaputra  in  Tibet  at  the  point 
where  it  bends  above  Gyala  Sindong. 

The  Sutlej  in  issuing  from  Tibet  pierces  the  border  range  of  mountains  within 
^  miles  of  Leo  Pargial,  the  highest  peak  of  its  region  ;  the  Indus  when  turning  the  great 
Himalayan  range  passes  within  14  miles  of  Nanga  Parbat,  the  highest  point  of  the  Pun- 
jab Himalaya;  the Hunza river  cuts  through  the  Kailas  range  within  9  miles  of  Raka- 
poshi,  the  supreme  point  of  the  range.  It  will  form  an  interesting  problem  for  investi- 
gation whether  the  Brahmaputra  of  Tibet  has  cut  its  passage  across  the  Assam 
Himalaya  near  a  point  of  maximum  elevation. 


•  Oenend  Report,  Survey  of  Indian  1877-78. 
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THE  RIVERS  OF  THE  PUNJAB  HIMALAYA. 

Tne  Punjab  Himalaya  is  the  name  given  tc  that  portion  of  the   great  range  which 
lies  between  the  Sutlej  and  the  Indus.    Its  principal  rivers  are  the  Beas,  the  Ravi^ 
the  Chenab,  and  the  Jhelum.     With  these  we  have  included  the  Sutlej  as  a  Punjab 
river,  but  have  reserved  the  Indus  for  a  separate  section  of  this  paper, 

The  SuOej* 

The  mountain  basin  of  the  Sutlej  (chart  xxxi)  lies  mainly  north  of  the  Himalaya  ;: 

the  area  of  the  Himalaya  proper  drained  by  this  river, 

Narrowness  of  its  basin. 

between  the  great  range  and  the  plains  of  India,  consists 
of  an  insignificant  transverse  strip,  and  it  is  an  interesting  problem  to  study  how  it 
can  have  come  about  that  such  a  great  river  drains  such  a  narrow  zone  in  its  Cis- 
Himalayan  course. 

The  Sutlej  is  bounded  on  the  east  by  the  water-parting  of  the  Giri  (Jumna)  and 
on  the  west  by  that  of  the  Beas :  at  corresponding  poijits  in  the  mountains  the  beds  of 
the  Giri  and  Beas  are  relatively  higher  by  600  or  700  feet  than  that  of  the  Sutlej,  so 
that  the  latter  is  running  along  a  deeper  trough  than  the  rivers  on  either  side  of  it. 
Increased  depth  of  trough  means  steeper  slopes,  and  steeper  slopes  give  to  the  tributary 
streams  greater  erosive  power.  The  mountains  should  therefore  be  more  rapidly 
denuded  by  the  feeders  of  the  Sutlej  than  by  those  of  the  Giri  or  Beas,  and  the  basin  of 
the  Sutlej  in  the  outer  Himalaya  should  now  be  slowly  widening — ^the  eastern  water- 
parting  retiring  towards  the  Giri,  the  western  towards  the  Beas.  The  fact  that  the 
Sutlej  has  no  Cis-Himalayan  tributaries  comparable  to  those  of  the  Jumna  or  Beas 
tends  to  show  that  it  is  the  youngest  river  of  the  three.  Whether  these  speculations 
are  correct  or  not,  the  question  as  to  how  the  Giri  and  Beas  have  confined  their 
giant  neighbour  to  a  trough  less  than  20  miles  wide  remains  worthy  of  con- 
sideration. 

The  Sutlej  rises  in  the  distant  high-lands  of  Tibet,  and  possesses  a  very  long  course 

through  the  mountains.    The  Trans-Himalayan  portions 

The  sources  of  the  Sudej.  ^^  .         i  t     i  •  j    j.   -li 

of  its  basin,  however,  receive  but  little  ram,  and  table 
XXX  shows  its  annual  discharge  to  be  small. 

Much  of  the  rainfall  in  the  higher  Himalayan  valleys  is  said  to  be  due  to  moist 
winds  rushing  up  the  mountain  passages  cut  by  the  rivers.  The  rain-bearing  winds 
of  the  monsoon  blow  from  the  Bay  of  Bengal  across  the  Gangetic  plains,  and  the  valley 


*  Known  as  the  Sutluda  by  nativeB  of  the  hilla. 
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of  the  Sutlej,  lying  as  it  does  at  right  angles  across  their  path,  is  not  favourably  placed 
for  their  reception. 

In  drawing  chart  xxxi  to  illustrate  the  catchment  area  of  the  Sutlej,  we  were 
in  doubt  whether  to  include  the  lake  basin  of  Manasarowar ;  we  eventually  decided 
to  do  so,  and  will  now  briefly  discuss  the  evidence  available.* 

A  great  number  of  streams  flow  down  from  surrounding  mountains  into  the*  two 
Manasarowar  lakes,  and  the  water  of  the  eastern  lake  (Manasarowar)  overflows  into 
the  western  (Rakas  Tal)  (chart  xxxi). 

The  connection  between  the  two  lakes  was  discovered  by  Henry  and  Richard 
Strachey  in  1846,  and  has  been  confirmed  by  other  reliable  observers.  **  We  came," 
wrote  Henry  Strachey,  ' '  to  a  large  stream  100  feet  wide  and  3  feet  deep,  running  rapidly 
"  from  east  to  west  through  a  well-defined  channel :  this  was  the  outlet  of  Manasaro- 
**  war.  It  leaves  that  lake  from  the  northern  quarter  of  its  western  shore,  and  winding 
^Hhrough  the  isthmus  of  low  undulating  ground,  for  four  miles  perhaps,  falls  into 

^*  Rakas  Tal. ''t 

Fifty-eight  years  later  the  same  channel  was  visited  by  Major  Ryder,  and  he  has 

given  the  following  description :    ' '  We  struck  the  channel  a  mile  below  the  outlet,  a 

**  small  stream  only  partly  frozen  over;  this  we  followed  up  and  found  that  it  did  not 

"flow  from  the  lake  but  from  a  hot  spring,  at  which  we  found  and  shot  some  mallard, 

"  We  then  followed  up  the  dry  nullah  to  the  lake  and  proved  that  Strachey  was,  as  was 

**  to  be  expected,  quite  correct.    fTo  water  was  flowing  at  this  time  of  the  year,  but  the 

"  local  Tibetans  all  agreed  that  for  four  months  in  each  year  there  was  a  flow  during  the 

**  rainy  season  and  the  melting  of  snows,  i.e.,  about  from  June  to  September.    As  a  rise  of 

^*  about  2  feet  in  the  level  of  the  lake  would  cause  water  to  flow  down  the  channel,  this 

^* appears  quite  worthy  of  belief. "J 

The  connection  between  the  two  lakes  may  be  taken  as  established,  but  that  between 
the  western  lake  and  the  Sutlej  basin  is  still  open  to  question.  The  following  is  Henry 
Strachey'^  description :  * '  There  is  no  visible  channel  from  the  lake,  and  the  only  effluence 
"  is  by  filtration  through  the  porous  soil  of  the  intermediate  ground,  unless  it  be  at  times 
**  of  extreme  flood,  when  the  level  of  the  lake  may  possibly  rise  high  enough  to  over- 
^*  flow  the  margin.  "§ 

Bichard  Strachey  wrote  as  follows :  *  'A  stream,  the  head  of  which  we  visited^ 
**  flows  from  Manasarowar  into  Rakas  Tal,  and  the  latter  occasionally,  when  high,  sends 
^*o£E  a  feeder  into  the  Sutlej. "|| 

Captain  Bawling  refers  to  the  question  in  his  book  The  Great  Plateau,  which  was 
published  after  his  visit  to  the  lakes  in  1904.  *'  It  is  evident,  "  he  writes,  *'  that  no 
^^  water  had  flowed  from  Rakas  Tal  down  the  passage  for  a  considerable  time,  but  there 


*  Northern  Frontier  Sheet  14  S.  W.,  1  iiioh-4  miles. 

t  Journal^  Asiatic  Society  of  Bengal,  Vol  XVn,  1848. 

{  lUporl  on  fhirvey  operation  with  the  Tibet  Frontier  Commission,  1904. 

i  Journal,  Asiatic  Society  of  Bengal,  Y6L  XVII,  Part  U,  1848. 

II  Journal,  &  G.  8..  Vol  XXI«  1851. 
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**  was  nothing  here  to  prove  that  such  might  not  be  the  case  during  the  melting  of  the 
'^  snows  in  an  exceptionally  wet  season." 

The  following  further  extract  is  taken  from  Major  Ryder's  report.*  "  We  found 
'^  an  old  stream  bed  issuing  from  the  Rakas  Tal,  but  every  Tibetan  we  asked  told  the  same 
"  story,  that  no  water  ever  flowed  along  it  now,  but  in  days  gone  by,  one  man  saying 
**  before  the  Sikh  war,  water  did  flow  out  of  the  lake  and  down  this  channel.  We  followed 
it  down  for  some  six  mires  along  the  plain,  and  could  find  none  of  the  ordinary  signs 
of  water  flowing  down  it,  until  we  reached  some  low  hills ;  here  evidently  from  the  lie 
"of  the  sand,  water  flowed  at  some  time  of  the  year  and  away  from  the  lake." 

If  the  water  of  the  Manasarowar  lakes  overflows  occasionally  into  the  Sutlej,  they 
must  be  regarded  as  belonging  to  the  basin  of  the  latter.  We  define  a  basin  as  the  whole 
tract  of  country  drained  by  a  river  and  its  tributaries :  by  the  word  '  *  drained  "  we  do 
not  imply  any  perpetual  flow,  but  refer  only  to  times  of  rain  and  flood.  All  the  small 
tributaries  of  the  Himalayan  rivers  are  dry  at  certain  times  of  the  year,  but  a  dry 
tributary  remains  a  branch  of  the  drainage. 

If  the  water  from  Bakas  Tal  flows  into  the  Sutlej  once  a  century,  and  then  only 
for  such  a  short  period  as  to  be  observed  by  no  one,  we  shall  still  be  justified  in  including 
the  lakes  in  the  catchment  area  of  the  river. 

Henry  Strachey  was  probably  right  in  thinking  that  the  water  of  the  lakes  filtered 

through  the  porous  soil :  examples  of  such  filtration  are 

Subterranean  drainage.  . 

common  in  the  alluvial  valleys  of  the  Himalaya.  Rivers 
disappear  and  subsequently  re- appear  at  the  surface.  In  the  underground  obser- 
vatory of  the  Trigonometrical  Survey  at  Dehra  Dun  water  accumulates  in  the 
subterranean  drains  after  heavy  falls  of  rain  in  the  neighbouring  hills,  even  when  no 
rain  has  fallen  locally;  the  intervening  river  bed  remains  dry,  and  the  water 
flows  along  an  underground  course.  These  underground  systems  of  drainage  seem  to 
follow  closely  the  beds  of  surface  streams.  The  latter  hold  water  only  when  the 
volume  of  flood  is  too  large  to  sink  into  the  ground,  but  when  the  surface  is  dry,  there 
•is  often  a  flow  at  a  lower  level. 

From  Rakas  Tal  to  Shipki,  at  the  base  of  Leo  Pargial,  the  Sutlej  takes  a  north- 
TTie  course  of  the  Sutlej  in  Tibet,     westerly    direction    through    the    Tibetan    province    of 

Nari  Khorsam.f  The  best  known  portion  of  Nari  Ehorsam 
IS  the  plateau  situated  between  the  Zaskar  and  Ladak  ranges.  This  plateau  is  15000 
feet  in  height.  It  has  been  formed  by  successive  deposits  of  boulders,  gravel,  clay 
and  mud  in  the  trough  between  the  two  ranges ;  the  deposits  lie  in  parallel  and  nearly 
horizontal  beds.  Nari  Khorsam  furnishes  in  fact  another  example  of  the  common 
Himalayan  type  of  rock  valley  filled  up  with  recent  alluvium.J 


•  Bepofi  en  Svrvey  operaiiona  wUh  the  Tibet  Frontier  Commission,  1904. 

t  Nari  Khorsam  is  the  Tibetan  name :   Hundes  is  the  name  uaed  by  nativee  of  the  Himalaya. 

t  Map  of  Nari  Khorsam,  1  inohsiS  miles.    Atlas  sheet  66,  1  inoh=4  miles.    Northern  l^rontier  sheet,  9  N.  E.,  1  inch 
miies. 


^=4  miles. 
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In  one  part  of  Nari  Khorsam  the  water-parting  between  the  Sutlej  and  Kamali 
traverses  the  level  plain  of  alluvium,  and  a  man  can  walk  from  one  river  to  the  other 
without  crossing  a  hill  of  any  sort. 

In  its  course  through  Nari  KhorsaM  the  Sutlej  has  gradually  cut  into  the  uncon- 
solidated deposits  and  has  created  an  extraordinary  canyon — ^a  canyon  that  bears 
compariaon  even  with  the  famous  American  canyon  of  Colorado.  The  Jhelum  has 
created  no  canyon  in  Kashmir  because  the  rainfall  over  the  basin  is  sufficient  there 
to  lower  gradually  the  whole  alluvial  area ;  but  Nari  Khorsam  is  an  arid  region,  and 
whilst  the  Sutlej  has  been  able  to  excavate  a  channel  3000  feet  deep  through  the 
plateau  by  means  of  water  received  from  the  glaciers  of  Kailas,  no  rain  has  fallen  locally 
to  erode  its  perpendicular  cUfis. 

The  Sutlej  is  joined  by  several  tributaries  in  Nari  Khorsam,  the  beds  of  which  lie 
1000  feet  or  more  below  the  surface  of  the  plain :  their  overhanging  cliffs  like  those 
of  the  Sutlej  have  been  spared  from  destruction  by  rain,  and  flat  portions  of  the  plateau 
now  remain  standing  between  profound  gorges. 

The  water-parting  between  the  Sutlej  and  the  Indus  in  Nari  Khorsam  is  the  Ladak 
range  with  peaks  of  19000  and  20000  feet.  Twenty-five  miles  north-west  of  Manasaro- 
war  feeders  of  the  Sutlej  have  cut  back  through  the  Ladak  range  into  the  trough 
behind ;  the  water-parting  between  the  Sutlej  and  Indus  is  at  this  point  as  low  as 
16200  feet,  only  900  feet  above  the  Indus  near  Gartok. 

The  passage  of  the  Sutlej  through  the  Zaskar  range  is  near  Shipki  and  within  4j 
miles  of  the  summit  of  Leo  Pargial,  the  highest  peak  on  this  part  of  the  range :  the 
proximity  of  the  gorge  to  the  peak  is  a  striking  phenomenon.  The  height  of  Leo  Pargial 
is  22210  feet,  that  of  the  bed  of  the  gorge  10000  feet,  a  difference  of  12210  feet. 
Ten  miles  below  Shipki  the  right  bank  of  the  Sutlej  is  a  perpendicular  wall  of  rock 
6000  or  7000  feet  in  height.* 

The  principal  tributary  of  the  Sutlej  is  the  Spiti  river,  which  drains  a  large  area 
^  ^  . .  .  behind  the  great  Himalayan  range.     Its  bed  lies  deep 

The  Spiti  nver.  ^ 

below  the  alluvial  terraces,  and  its  water  is  consequently 
rarely  available  for  cultivation.  The  terraces  are  stratified  deposits  of  gravel  and  sand, 
and  rise  to  a  height  of  400  feet  above  the  river :  on  the  terraces  rest  immense 
accumulations  of  debris  which  have  fallen  from  the  surrounding  mountains.  The 
basin  of  Spiti  like  that  of  Kashmir  is  surrounded  by  mountains,  and  except  for  the 
channel  of  the  river  can  only  be  entered  by  passes.f  It  consists  of  two  parallel 
troughs  separated  by  the  Zaskar  range  both  of  which  drain  towards  the  south-east 
and  away  from  the  Indus. 

After  its  junction  with  the  Spiti  the  Sutlej  becomes  a  furious  torrent  dashing  over 
a  rocky  bed,  and  forms  one  continuous  rapid  from  its  source  io  the  plains.  There  are, 
however,  signs  of  the  former  existence  of  a  series  of  lakes  along  its  course :  terraces 
composed  of  stratified  deposits  are  to  be  seen  in  many  places,  and  these  are  evidences 

•  Narrative  of  a  journey  from  Cawnpore  to  (he  Boorendo  pass  made  in  1821,  by  Uoyd  and  Gf^rard,  1840. 
t  Atlas  sheet  No.  05,  1  inch  saa  4  miles. 
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that  the  Sutlej  once  meandered  slowly  through  Himalayan  lakes,  as  the  Jhebim  does 
now  through  the  Wular  lake.  Many  of  the  feeders  of  the  Sutlej  in  the  hills  show  signs 
of  having  run  at  higher  levels  within  recent  times. 

The  Sutlej  crosses  the  great  Himalaya  at  a  point  where  the  range  bifurcates,  and  it 
Passage  of  the  HimaUya  by  the    is  difficult  to  trace  a  Connection  tctween  the  ranges  on  either 
^^^^i'  side  of  it.     At  Eampur  it  crosses  the  Dhauladhar  range 

through  a  narrow  gorge  of  solid  rock.  The  passage  of  the  Sutlej  across  the  great  Him- 
alaya and  the  Dhauladhar  ranges  is  illustrated  in  figure  4  of  chart  xvi  (see  also  chart 
xvin).  Figures  1  and  2  of  chart  xix  show  the  Sutlej  escaping  through  successive 
Siwalik  ranges.  It  is  interesting  to  observe  on  chart  xix  how  effectually  these  small 
ranges  stopped  and  deflected  the  Sutlej  below  Bilaspur.* 

In  its  course  over  the  plains  the  Sutlej  is  supposed  to  have  flowed  at  one  time 
through  the  Patiala  and  Bikanir  states  and  to  have  joined  the  Indus  in  southern  Sind : 
it  now  bends  to  the  west  on  leaving  the  mountains,  and  joins  the  Beas.  It  is  beUeved 
to  have  changed  its  old  and  straighter  course  to  the  sea  for  its  present  and  less  direct 
one  about  the  end  of  the  tenth  century :  f  the  advancing  sands  of  the  Rajputana  desert 
have  been  supposed  to  be  the  cause  of  the  change.} 

The  fall  of  the  Sutlej  from  its  source  to  the  plains  of  India  is  very  uniform,  and 
averages  on  every  section  of  its  length  about  30  or  35  feet  per  mile  :  the  height  of  its  bed 
is  15000  feet  near  Rakas  Tal,  10000  feet  near  Shipki,  3000  feet  at  Rampur,  1000 
feet  at  Bilaspur. 

The  Beds. 

The  Beas  or  Beyah  {Sanskrit  Vipasa,  the  Hyphasis  of  the  Greeks)  rises  in  the  Pir 
Fanjal  range  at  the  Rohtang  pass  near  the  source  of  the  Ravi  (chart  xxxn) :  its  several 
affluents  combine  to  pierce  the  Dhauladhar  range  at  Larji  §  (chart  xviii).  In  the  75  miles 
from  its  source  to  Larji,  its  fall  averages  125  feet  a  mile,||  but  after  Larji  the  gradient  rapid- 
ly decreases,  and  in  the  valleys  of  the  outer  Himalaya  is  hardly  more  than  10  feet  a  mile. 

The  upper  basin  of  the  Beas  encloses  the  district  of  Kulu,  which  for  beauty  of 
scenery  is  the  rival  of  Kashmir. 

Six  miles  from  its  source  the  Beas  enters  the  gorge  of  Eoti.  "  Here  the  river 
"  plunges  into  a  vast  chasm,  enclosed  on  either  side  by  a  precipitous  barrier  of  rock  and  20 
"  feet  apart  and  often  almost  touching.  For  some  300  yards  the  Beas  races  through 
this  almost  subterranean  passage,  when  it  again  bounds  into  the  sunlight,  its  exit  on 
the  further  side  being  most  strikingly  beautiful.  "^ 

South  of  Larji  the  Beas  passes  through  another  precipitous  defile  intersecting  the 
Dhauladhar  range  ;  below  the  defile  its  valley  widens  out. 

Sir  Alexander  Cunningham  estimated  the  minimum  discharge  of  the  Beas  at 
not  less  than  3000  cubic  feet  per  second. 

*  Atlas  sheet  No.  47,  1  inch  =  4  miles. 

t  A  MoMud  of  the  Oeology  of  India,  page  460. 

X  Animal  Beport  of  (he  Board  of  SeUntifie  Advice  for  India,  1905<4)6. 

{  Ailaa  sheet  No.  47. 

II  Alezandor  Cunningham's  Ladak,  page  124. 

^  SeUdions  from  ihe  records  of  the  Oovemment  of  ihe  Punjab,  No.  \0,  Himalayan  diHricU,  by  Captain  Harcourt. 
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The  Ravi. 

The  Bavi  {Sanskrit  Iravati,  the  Hyaraotes  of  the  Greeks),  illustrated  in  chart  xxxn,  is 
the  smallest  of  the  five  rivers  of  the  Punjab  :  it  has  its  sources  in  a  remarkable  mountain 
knot  formed  by  a  conjunction  of  lesser  Himalayan  ranges  (chart  xvni).  *  The  Nag  Tibba 
range  appears  here  to  have  been  forced  from  the  south-west  against  the  Dhauladhar  range, 
and  the  latter  has  combined  with  the  Pir  Panjal  range  to  form  the  rock-basin  of 
Bangahal.'*'  The  Ravi  rises  in  the  basin  of  Bangahal,  and  drains  the  southern  slopes  of 
the  Pir  Panjal  and  the  northern  slopes  of  the  Dhauladhar.  The  basin  of  Bangahal  is 
sixty  miles  in  circumference.  Numerous  tributaries  of  the  Ravi  flow  down  its  inner 
walls,  many  of  them  with  steep  gradients  ;  the  Bhadal  rises  on  the  north  at  16000  feet, 
and  falls  314  feet  a  mile  for  35  miles ;  the  Nai,  which  rises  in  the  mountain  known  as 
Kali  Devi,  has  a  length  of  30  miles,  and  an  average  fall  of  366  feet  a  mile.f 

The  height  of  the  bed  of  the  Ravi  at  the  lowest  point  (Wulas)  of  the  Bangahat 
basin  is  about  5000  feet.  Gathering  together  all  the  water  that  runs  ofi  the  inner  walls 
of  this  extraordinary  rock  cauldron,  the  Ravi  flows  out  to  the  west.  J 

The  gorge,  by  which  it  escapes  from  Bangahal,  may  without  exaggeration  be 
described  as  inaccessible  :  it  appears  to  have  been  scooped  out  of  solid  rock  and  its 
sides  are  perpendicular. 

After  leaving  Bangahal  the  Ravi  flows  through  the  valley  and  state  of  Chamba  in 
a  north-westerly  direction  parallel  to  the  Dhauladhar  range  (chart  xviii).  West  of 
the  Chamba  capital  it  makes  a  sudden  bend  at  right  angles  and  cuts  its  way  through  the 
Dhauladhar  to  the  south-west.  The  defile  that  it  has  carved  through  the  range  is  a 
few  miles  north-west  of  the  station  of  Dalhousie. 

The  Ravi  leaves  the  Himalaya  at  Basaoli :  the  length  of  its  course  in  the 
mountains  is  130  miles,  and  its  total  drop  16000  feet;  its  fall  therefore  averages  115 
feet  a  mile. 

The  Chenab. 

The  Chenab  (Sanskrit  Asikni,  the  Acesines  of  the  Greeks)  has  two  chief  upper  streams, 
the  Chandra  and  the  Bhaga,  and  the  river  below  their  junction  is  called  by  their  joint 
name  the  Chandra  Bhaga  (chart  xxxiii). 

The  Chandra  and  the  Bhaga  rise  on  opposite  sides  of  the  Baralacha  pass  (16047 
feet),  the  Chandra  on  the  south-east,  the  Bhaga  on  the  north- west. §  They  unite  at  a 
place  called  Tandi,  7500  feet  above  sea-level.  The  course  of  the  Bhaga  above  Tandi  is 
direct  and  only  60  miles  in  length  :  that  of  the  Chandra  is  in  the  form  of  a  loop,  and  is 
115  miles  long.     The  fall  of  the  Bhaga  is  150  feet  a  mile,  twice  that  of  the  Chandra.|| 


*  The  flanks  of  Ibe  ranges  are  in  contacti  not  the  axes. 

t  Sir  Alexander  Cunningham's  Ladak. 

X  Map  of  Kiingra,  sheet  2  (1  inch  =  2  miles) ;  Atlas  sheet  46. 

§  Atlas  sheet  46. 

11  General  R  Maolagan,  B.£m  on  The  rivers  of  the  Punjab.  Procud^t  •&  &•  ^'*  Vol  VII,  1885. 
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'^  A  mile  from  its  source  the  Bhaga  enters  the  Suraj-dul,  a  lake  about  a  mile  and  a 
"half  in  circumference,  16000  feet  above  sea-level,  and  escaping  through  this  flows  for 
"ten  or  eleven  miles  to  below  Zingzingbar,  a  barren  encamping  ground."* 

"  Leaping  from  a  bed  of  snow  on  the  south-eastern  slopes  of  the  Baralacha,  the 
"  Chandra  is  from  its  commencement  a  stream  of  some  size.  It  passes  through  a  totally 
barren  land,  where  there  are  ho  signs  of  life,  the  solemn  mountains  clad  in  eternal  snow 
lying  on  its  either  flank.  No  villages  adorn  its  banks,  no  attempts  at  cultivation,  no 
"  signs  of  human  life  are  to  be  met  with,  and  nothing  greets  the  eye  but  the  never-ending 
"  and  monotonous  cUfe,  which  are  lapped  by  the  fierce  stream,  as  it  rushes  in  wild  fury 
"against  its  banks.  Now  widening  out  the  Chandra  passes  the  remains  of  the  Shigri 
"  glacier,  which  some  80  years  ago  spread  across  the  river  and  dammed  it  up,  causing 
"  what  is  known  as  the  cataclysm  of  the  Chandra.'  'f 

After  their  junction  at  Tandi  the  Chandra  and  the  Bhaga  flow  as  a  joint  stream  in  a 
north-westerly  direction  for  over  100  miles :  throughout  this  length  the  valley  of  the 
river  is  the  structural  trough  formed  by  the  great  Himalayan  and  the  Pir  Panjal  ranges 
{vide  figure  4  of  chart  xvi  and  chart  xvni).  Instead  of  continuing  on  the  same 
alignment  through  the  valley  of  Kashmir,  the  Chenab  makes  a  great  bend  at  Kishtwar, 
and  escapes  through  the  Pir  Panjal  by  a  gorge,  which  it  has  carved  for  itself.  In  the 
long  trough  from  Tandi  to  Kishtwar  the  fall  of  the  river  averages  34  feet  a  mile. 

The  following  description  of  Kishtwar  is  taken  from  Mr.  Frederic  Drew's  well 
known  work.  The  Jummoo  and  Kashmir  territories :  J 

"  The  mountains  around  are  rocky  below  and  have  wooded  slopes  above.  The  wood 
"is  oak  on  the  eastern  hills  and  deodar  and  fir  on  the  opposite  ridge.  The 
"mountain  on  the  south-west  of  the  plain  (of  Kishtwar)  is  a  remarkable  one ;  it 
"  is  separated  from  us,  as  we  stand  at  the  western  edge  of  our  plateau,  by  the  river  valley 
"  (Chenab)  which  has  been  cut  down  to  some  1300  feet  below  us ;  as  we  look  across,  a  great 
"  cliff  of  some  3000  feet  in  height  faces  us,  from  the  summit  of  which  the  ground  slopes 
"  back  to  the  wooded  ridge.  The  most  conspicuous  and  beautiful  feature  is  made  by  the 
"  drainage  from  the  upper  part  coming  over  the  cliff  in  a  waterfall  of  great  height.  Of  this 
fall  it  is  impossible  to  obtain  a  near  and  at  the  same  time  general  view,  but  by  going 
some  way  down  the  slope,  we  get  a  fair  sight  of  it,  though  at  the  distance  of  a  mile  or 
more.  The  water  comes  down  not  in  one  but  many  jumps  ;  the  aggregate  height  of  the 
"  falls  within  view  is  about  2500  feet,  and  above  these  are  a  few  hundred  feet  more, 
"which  can  be  seen  from  other  points.  The  first  two  falls  are  each  of  about  500  feet ; 
"these  are  conspicuous  from  the  town  ;  below  them  are  two  or  three  small  ones,  making 
"  up  six  or  seven  hundred  feet  more ;  then  there  are  irregular  drops  and  cascades,  partly 
"  hidden  by  vegetation  and  by  the  irregularities  of  channel,  these  extending  for  some 
"  eight  hundred  feet  to  the  river ;  thus  the  two  and  a  half  thousand  feet  are  made  up.  '* 


*  Himalayan  districts,  by  Captoin  A.  F.  P.  Harcourt,  vide  Sdeetiotts  from  the  records  of  the  Oovemment  of  the  Punjab, 
No.  10. 

i  On  the  Himalayan  Valleys,  Kulu,  Lahatd,  and  Spiti,  by  Captoin  A.  F.  P.  Harrourt.    Journal,  R  O,  8,,  Vol.  XLI,  1871. 

t  Pabliahed  1875. 
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At  Kishtwar  the  Chenab  is  joined  by  the  Maru  Wardwan  river,  that  has  its  sources 
in  the  glaciers  of  the  Nun  Kun  peaks. 

The  Chenab  passes  the  diminishing  range  of  Dhauladhar  near  Amas,  and  leaves  the 
mountains  at  Akhnur.  Akhnur  is  180  miles  below  Kishtwar,  and  the  average  fall  of 
the  river  between  the  two  places  is  26  feet  a  mile. 

Above  Akhnur  "  the  banks  of  the  Chenab,  "  Mr.  Drew  writes,  "  are  in  places  low  or 
'^  may  be  cliffs  of  no  more  than  100  to  200  feet  in  height ;  this  is  where  the  river  cuts  across 
"one of  the  flat  longitudinal  valleys.  In  other  parts  opposite  the  ridges,  the  river  is 
^*  bounded  by  high  irregular  rocks,  which  is  the  range  seen  in  section."* 

From  the  Baralacha  pass  to  Akhnur  the  length  of  the  Chenab  is  400  miles  and  the 
total  fall  is  15500  feet,  or  39  feet  a  mile. 

It  is  worthy  of  notice  that  the  general  course  of  the  Chenab  resembles  on  a  smaller 
scale  that  of  the  Sutlej,  and  that  the  course  of  the  Ravi  resembles  on  a  still  smaller  scale 
that  of  the  Chenab.  The  basins  of  these  three  rivers,  unlike  the  S3nnmetrical  basins  of 
Nepal,  lie  obliquely  across  the  mountain  ranges. 

The  Jhelum.1i 

The  Jhelum  (the  Hydaspes  of  the   Greeks),  illustrated  in  chart  xxxin,  rises  near 

Vimag  at  the  south-east  end  of  the  valley  of  Kashmir, 

The  valley  of  Kashmir,  t     n  it  .ii*.-  •! 

and  flows  m  a  north-westerly  direction  across  a  wide 
alluvial  plain,  until  it  enters  the  Wular  lake.  Its  most  distant  source  is  in  the  lake 
of  Shesha  Nag  at  the  head  of  the  lidar  tributary.  At  its  exit  from  the  Wular  lake 
it  assumes  a  south-westerly  direction  as  far  as  Baramula,  where  it  escapes  from 
Kashmir  through  a  gorge   in  the  Pir  Panjal  range.  % 

The  upper  basin  of  the  Jhelum  forms  part  of  the  trough  between  the  great  Hima- 
laya and  the  Fir  Panjal  ranges,  and  is  known  as  the  valley  of  Kashmir.  This  famous 
valley  is  of  oval  shape,  its  long  diameter  lying  parallel  to  the  general  direction  of 
the  ranges.  From  crest  to  crest  the  transverse  ridges  on  the  south-east  and  north- 
west of  the  basin  are  about  120  miles  apart,  and  from  the  crest  of  the  Pir  Panjal  range 
to  that  of  the  great  Himalaya  the  distance  is  75  miles :  the  flat  alluvial  bottom  of  the 
basin  measures  90  miles  from  south-east  to  north-west,  and  25  miles  from  south-west 
to  north-east.  On  the  north-east  side  peaks  of  the  great  Himalaya  rise  above  17000 
feet :  on  the  south-west  the  loftiest  peaks  of  the  Pir  Panjal  exceed  15000  feet.  Those 
of  the  two  transverse  ridges  attain  to  13000  feet.  The  height  of  the  alluvium  of 
the  valley  varies  from  5200  to  6000  feet. 

Through  the  alluvial  flats  of  Kashmir  the  course  of  the  Jhelum  is  navigable  and 
is  the  chief  artery  of  traffic :  the  fall  averages  a  little  over  3  feet  a  mile,  and  the  usual 
rate  of  the  current  is  about  a  mile  and  a  half  an  hour.    At  Baramula  where  its  course 

*  Jummoo  and  Kashmir  territories,  by  Frederio  Brew,  1875. 

t  The  Sanskrit  Vedesta,  sometimes  known  in  modem  times  as  tlie  Behat. 

^  Map  of  Kashmir,  1  iiiob  s=  2  miles  ;  Atlas  sheet  28,  1  inoh  ss  4  miles. 
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through  the  open  valley  terminates,  the  river  rushes  through  a  narrow  chasm  in  the 
rocks  and  entirely  changes  from  a  placid  stream  to  a  raging  torrent. '*' 

The  alluvial  deposits  filling  up  the  basin  of  Kashmir  were  held  by  the  earlier  geolo- 
gists to  have  been  formed  from  the  waste  of  the  surrounding  mountains,  and  to 
have  been  laid  down  at  the  bottom  of  a  great  lake.  It  has  been  stated  that  these 
deposits  once  covered  the  whole  valley  to  a  height  of  1000  feet  above  its  present  level, 
and  that  the  greater  portion  has  been  carried  away  by  the  Jhelum  to  the  plains  of  the 
Punjab.  The  Wular  lake  which  now  measures  10  miles  in  length  and  6  in  breadth,  was 
regarded  by  Montgomerie  as  a  last  relic  of  the  great  expanse  of  water  which  once 
covered  all  Kashmir.  But  this  idea  of  a  great  prehistoric  lake  has  been  abandoned 
by  Mr.  K.  D.  Oldham.  Mr.  Oldham  studied  the  Ka/rewas  and  the  present  lakes  of  the 
Kashmir  valley  in  1903,  and  came  to  the  conclusions  that  the  Ka/rewas  are  of  fluviatile 
and  not  of  lacustrine  origin,  and  that  there  was  never  at  any  time  a  materially  larger 
lake  than  at  the  present  day.f 

The  country  of  Kashmir,"  writes  Mr.  Frederic  Drew,}  *'  has  justly  a  reputation 
for  something  distinctive,  if  not  unique,  in  its  character.  Its  position  and  form  together 
'^  are  such,  that  there  is  no  parallel  to  it  in  the  whole  of  the  Himalaya.  It  is  a 
"  plain  embedded  among  the  mountains,  a  wide  vale  enclosed  by  mountain  ranges,  lying 
^'  at  such  a  height  above  the  sea  as  on  the  one  hand  to  be  of  a  climate  entirely  different 
'^  from  that  of  India,  being  saved  from  the  heat  that  parches  its  plains,  and  on  the  other 
"  hand  to  be  free  from  the  severity  of  cold  that  visits  the  more  lofty  plateaux  or  wide 
"valleys." 

When  Mr.  Drew  described  Kashmir  as  unique,  he  had  in  mind  the  excellence  of 
its  climate :  from  a  geographical  or  a  geological  point  of  view  the  Kashmir  valley  is 
typical  of  the  Himalaya,  the  Nepal  valley,  the  plains  of  Dingri,  and  the  plateaux  of 
Tibet  being  other  examples,  though  at  different  stages  of  development. 

The  Jhelimi  enters  the  Pir  Panjal  range  near  Baramula  (5040  feet)  in  a  direction 

approximately  perpendicular  to  the  strike  of  the  moun- 
Passage  across    e       anjai.  tains  and  Continues  on  a  straight  course  for  20  miles  to 

Uri. 

The  defile  below  Baramula,  called  by  the  Kashmiris  Basmagul,  is  7000  feet  in 
depth,  and  has  almost  perpendicular  sides  In  places  it  is  but  70  feet  across,  and  its 
bottom  is  wholly  occupied  by  the  river.§ 

At  Uri  the  river  changes  its  course  and  follows  the  direction  of  the  range  to 
Muzaffarabad  (2470  feet).  From  Baramula  to  Muzaffarabad  the  distance  is  80  miles 
and  the  fall  2600  feet  or  33  feet  a  mile. 

At  Muzaffarabad  the  Jhelum  joins  the  Kishanganga  and  bending  to  the  south 
follows  the  course  of  its  affluent.     The  strike  of  the  rocks  changes  at  the  very  point 

*  See  synoptioal  volome  Vll,  Great  Trigonometrtcal  Surrey  of  India. 

t  Records,  Otclogical  Survey  of  India,  Vol.  XXXII,  p.  152. 

X  The  Jummoo  and  Ksahmir  territories,  1875. 

i  On  ike  Trigonomeirieal  Hurvey  and  physical  configuration  of  the  vaUey  of  Kashmir,  by  W.  H«  Pardon.  Journal^  R^  0»  9.^ 
Vol.  XXXI,  1861. 
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where  the  Jhelum  alters  its  direction  and  may  be  the  cause  of  the  latter' s  bend.*  From 
MuzafEarabad  to  the  plains  the  fall  of  the  Jhelum  is  21  feet  a  mile. 

The  Kishanganga  rises  in  the  mountains  west  of  Dras  and  south  of  the  Deosai 
The  Kishan  plateau.    It  flows  throu^h  the  districts  of  Tilail,  Gurais 

and  Shardi,  and  skirts  the  northern  rim  of  the  Kashmir 
basin.  After  following  the  strike  of  the  ranges  it  makes  a  knee-bend  at  Shardi,  similar 
and  parallel  to  the  knee-bends  of  the  Indus  at  Bunji,  of  the  Jhelum  at  Wular,  of  the 
Chenab  at  Eishtwar  and  of  the  Kavi  in  Chamba. 

Colonel  Montgomerie,  who  superintended  the  survey  of  Kashmir  from  1854  to 
1863,  described  the  valley  of  the  Kishanganga  as  being  throughout  very  precipitous, 
and  for  the  greater  part  little  better  than  a  chasm  in  the  mountains.  Its  basin  is 
peculiarly  narrow  and  elongated,  being  in  places  only  17  miles  wide  from  water-parting 
to  water-parting. 

The  Kunhar  tributary  of  the  Jhelum  flows  between  the  Kishanganga  and  Indus 
rivers  and  through  the  district  of  Khagan  ;  it  joins  the  parent  stream  a  few  miles 
below  the  great  bend  at  Muzafiarabad. 

The  Zoji  pass  over  the  Great  Himalayan  range  forms  a  notch  in  the  rim  of  the 
^  ^  ..  Jhelum' s    basin  :    this  pass  is  500  yards  broad  and  2 

The  Zoji  pass.  ^  -^ 

miles  long,  and  its  surface  is  so  flat  that  a  pedestrian 
cannot  tell  where  the  actual  water-parting  is.  The  ascent  from  Kashmir  to  the  top 
of  the  Zoji  is  steep,  the  descent  on  the  northern  sid^  is  gentle.  The  height  of  the  pass 
is  11300  feet ;  on  each  of  its  flanks  the  crest  of  the  range  rises  to  13000  feet,  and  then 
by  slow  degrees  to  peaks  of  19000  feet.  The  Zoji  was  probably  cut  by  an  extinct 
river  or  glacier  during  the  growth  of  the  Great  Himalaya.f 

*  Memoirs,  Oeologieal  Survey  of  India,  Vol.  XXII,  1S83.     The  Cfeology  of  the  Kaahmir  and  Chamba  territoriu,  and  iht 
Britieh  Dislricl  of  Khagan,  by  B.  Lydekker. 

t  Becorde,  Geological  Survey  of  India,  Vol.   XXXI,   1904.     Note  on  the  gladaiion  and  history  of  the  Sind   Valley p 
Kashmir^  br  R.  D.  Oldham. 
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26 

THE  INDUS. 

The  Indus,  or  Sind  (chart  xxxiv),  rises  in  the   trough   between  the  Kailas   and 

Ladak  ranges,  and  for  its  first  180  miles  flows  in  a  north- 
intersections  of  the  Ladak  range  by  ,,       •,.       ^.  ,  ^i       •  /ii       n.-i       -r-i*. 
the  Indus.                                      westerly  direction  along  the  inner  flank  of  the  Ladak 

range.     It  then  forsakes  the  trough,    and    bending    at 

right  angles  cuts  through  the  Ladak  range  near  Thangra.     Having  pierced  the  barrier 

it  resumes  its  north-westerly  direction,  and  this  it  maintains  along  the  outer  flank  of 

the  Ladak  range  for  over  300  miles.     Near  Skardo  (8900  feet)    it  cuts  again  through 

the  Ladak  range,  and  having  crossed  back  to  its  original  trough,    pursues  the  same 

north-westerly  direction.*    A  hundred  miles  below  Skardo  it  makes  its  third  bend ; 

and    pierces  the  Ladak  range  at  Bunji.    From  Bunji  it  rushes  towards  the  peak   of 

Nanga  Parbat,  but  is  deflected  to  the  west  near  the  foot  of  the  mountain,  and  after  a 

tortuous  passage  across  the  Himalayan  ranges  it  emerges  on  the  plains  of  the  Punjab  at 

Attock.  t 

We  have  read  in  preceding  pages  of  this  paper  of  many  instances  of  rivers  piercing 

mountain  ranges,  but  the  Indus  furnishes  a  unique  example  of  a  river,  that  passes 

backwards  and  forwards  across  the  same  range  three  times. 

From  the  source  of  the  Indus  to  Pitak  opposite  Leh  the  distance  is  400  miles, 

«.       ^-   *  *  **.  T  J  a^d  tl^c  fall  of  the  river  6000  feet  or  15  feet  a  mile.     The 

The  gradient  of  the  Indus. 

whole  length  of  the  mountain  course  of  the  Indus  from 
its  source  to  Attock  is  1100  miles,  and  the  whole  fall  is  16000  feet  or  16  feet  a  mile. 
Over  a  considerable  length  of  its  course  in  Tibet  the  fall  is  hardly  more  than  3  feet  a 
mile ;  between  Skardo  and  Bunji  the  fall  averages  21  feet  a  mile.  The  equable  and 
comparatively  gentle  fall  of  the  Indus,  as  it  crosses  the  Himalaya,  is  very  remarkable  :  it 
is  due  to  the  low  level  to  which  it  has  cut  its  bed  on  the  plateau  of  Tibet.  When 
the  Brahmaputra  leaves  Tibet  the  height  of  its  bed  is  still  above  8000  feet,  but  the 
height  of  the  Indus  at  Bunji  when  it  turns  to  quit  the  plateau  is  only  4600  feet. 

The  fact  that  the  Indus  has  cut  down  its  bed  in  Tibet  to  a  greater  extent  than 
the  Brahmaputra  has  promoted  the  development  of  its  Tibetan  tributaries. 

''At  Ohind,"  Wrote  Sir  A.  Chmningham,  15  miles  above  Attock,  I  found  the 
"  current  of  the  Indus  much  more  rapid  than  that  of  any  other  river  of  the  Punjab.  From 
"  its  source  to  Kanak  the  Indus  is  a  broad  and  fordable  stream,  rolling  its  sluggish  waters 
^'  through  open  grassy  plains.  Its  general  width  is  about  250  feet.  From  Kanak  to 
"the  junction  of  the  Zaskar  river  the  stream  is  a  brawling  rapid  from  100  to  150  feet 
••  broad,  and  thence  to  the  confluence  of  the  Shyok  it  is  a  furious  torrent  raving  from 

'*  side  to  side  of  a  narrow  ravine.^J 

I 

*  The  gorge  near  Skardo  where  the  Indas  breaks  across  the  Ladak  range  is  said  to  mn  between  precipices  14000  feet 
sheer :  see  article  Indian^  Imperial  Quzetieetj  first  edition. 

t  Map  of  Turkistan,  1  inchssl6  miles.  Punjab  map,  sheets  5  and  6  (  1  inch  =  8  miles),  atlas  sheets  27a  S.  £.«  and  44, 40^ 
46  and  64. 

i  Ladak  and  surrounding  countrieSt  page  89. 
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General  Maclagan  estimated  the  fall  of  the  Indus  as  follows :  "  Twenty-four  feet 
'*  per  mile  from  the  source  to  Skardo,  600  miles.  Seventeen  feet  per  mile  from  Skardo  to 
"  Attock,  440  miles.  Fifty  inches  per  mile  from  Attock  to  Kalabagh,  110  miles.  Twelve 
*'  inches  per  mile  from  Kalabagh  to  Mithan  Kot,  370  miles.  Six  inches  per  mile  from 
**MithanKot  to  the  sea,  470  miles."* 

It  is  so  seldom  that  a  truly  vertical  drop  has  been  discovered  on  the  course  of  a 
main  Himalayan  river,  that  a  fall  of  the  Indus  is  perhaps  worthy  of  mention.  It  was 
observed  by  Sir  Martin  Conway  north  of  Kashmir.      "  The  Indus  itself,"  he  wrote, 

plunges  in  a  single  white  wave  over  a  drop  of  about  twenty  feet,  and  then  races  down 

a  rapid."t 

The  little  that  is  known  of  the  course  of  the  Indus  between  Bunji  and  Attock 
^   ,  ,.^  ,  ^  has  been  derived  from  the  observations  of  an  explorer 

Exploration  of  the  Indus.  ^ 

in  1876.  This  man,  described  in  the  reports  of  the 
Indian  Survey  as  the  Mullah,  made  a  rough  survey  of  the  course  of  the  river  for  a 
length  of  220  miles  above  Attock. 

In  the  220  miles  that  intervene  between  Bunji  and  Attock,  the  river  descends 
from  a  height  of  4600  feet  to  one  of  1200  feet.  Its  way  winds  tortuously  through  great 
mountain  ranges  and  its  valley  is  in  many  places  but  a  narrow  deep-cut  gorge :  as 
a  rule  there  is  more  open  space  and  culturable  land  in  the  lateral  valleys  nestling 
between  the  spurs  than  on  the  trunk  stream,  j; 

"  The  Indus  valley,"  wrote  Sir  Martin  Conway,  "  in  the  Bunji  reach,  is  to  be  pictured 

"  as  broad  and  flat-bottomed.     Its  western  side  is  a  mighty 

On  the  former  and  present  level  of      ,-        ^^      r         i         r\     xi.  u.  -^  •    -l      j        j  i.        j.  i 

the  bed  of  the  Indus.  wall  of  rock.     On  the  east  it  IS  bordered  by  steep  slopes. 

"  The  slopes  and  the  wall  must  meet  not  less  than  500 
'*  feet,  and  probably  as  much  as  2000  feet  below  the  level  of  the  surface  of  the  debris 
*^  accumulations,  which  fill  the  valley.  By  what  processes  were  these  vast  debris 
"  accumulations  brought  together  ?  "§ 

"  By  far  the  deepest  of  all  the  river  valleys,"  wrote  Mr.  Ijydekker,  "  is  that  of 
"  the  Indus  below  Bunji  in  Gilgit.  Between  that  place  and  the  Darel  district,  which 
"  has  hitherto  only  been  traversed  by  native '  explorers,  the  writer  is  informed  by  Lieu- 
"  tenant-Colonel  H.  C.  B.  Tanner  of  the  Survey  of  India  that  the  river  flows  in  a  narrow 
*^'  gorge,  bordered  by  vast  precipices  ranging  up  to  20000  feet  in  height,  at  a  level  of  a 
"  little  over  3000  feet ;  thus  making  the  river  gorge  nearly  17000  feet  in  depth.  That 
"  a  great  part  of  this  tremendous  gorge  has  been  cut  by  the  river  itself  is  proved  by  the 
"occurrence  of  river  gravels  and  honey-combed  rock  surfaces  many  hundreds  of  feet 
**  above  the  present  river-leveL"[| 

•  Proceedings,  Royal  Oeographieal  Society,  VoL  VII,  1885. 

t  Climbing  and  exploraiion  in  the  Karakoram  HimcUayas,  page  589. 

X  Chnofial  Seport,  Survey  of  India,  1876-77, 

S  Climbing  and  exploraHon  in  the  Kairahoram  Hinudayoi, 

II  Memoirs,  Otologieal  Survey  of  India,  VoL  XXII,  1883. 
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Many  observers  have  noticed  that  the  Indus  once  flowed  at  a  level  considerably 
higher  than  its  present  bed.  The  following  extract  is  from  a  report  by  Adolphe 
de  Schlagintweit  written  in  1856 : — 

"  In  the  valley  of  the  Indus  near  Skardo,  in  the  vaUey  of  Astor  near  the  place 
"  where  the  Indus  enters  the  Himalaya,  I  on  several  occasions  observed  gravel  and 
**  sand  beds  evidently  deposited  by  these  rivers,  and  ancient  marks  produced  by  the 
'Marge  streams  on  the  rocks,  at  elevations  of  3000  and  4000  feet  above  the  present 
**  level  of  the  rivers.  We  have  many  proofs  independent  of  each  other  to  show  the  great 
*'  depth,  to  which  all  the  valleys  of  the  rivers,  tributary  to  the  Sutlej  and  Indus,  have 
"been  excavated." 

^^  The  decrease  of  glaciers  as  observed  by  us  must  be  due  to  some  general  change 
^*  in  t^e  climate  of  the  surrounding  country,  and  I  think  that  we  have  numerous  obser« 
vations  to  show  that  this  change  of  climate  is  due  in  a  great  measure  to  the  great 
excavation  of  the  Tibetan  and  Himalayan  valleys  by  the  action  of  the  rivers.'* 
"  Many  of  the  valleys  of  western  Tibet  exhibit  ancient  water  marks  at  3000  and 
"  4000  feet  above  the  present  bed  of  the  river.  The  sides  of  these  rocky  valleys,  thus 
'^  gradually  excavated,  are  now  heated  under  the  influence  of  the  sun  to  a  much  greater 
*'  extent  than  was  the  case  formerly ;  the  warm  air,  thus  produced,  ascends  the  valleys, 
'*  and  tends  to  melt  the  ice  of  the  glaciers  near  the  origin  of  the  valleys,  to  a  greater 
"extent,  than  was  the  case  before  the  excavation  of  the  vaUeys  had  taken  place."* 
Referring  to  the  same  subject  Colonel  Godwin-Austen  wrote :  "  The  height  of 
"  the  upper  lacustrine  deposit  at  Euardo  is  quite  4000  feet  above  the  present  river,  and 
this  deposit  also  rests  on  the  rock  of  Skardo  in  the  town.  Once  this  Skardo  basin 
contained  a  vast  lake  with  swampy  grassy  margins,  long  subsequent  to  the  time  when 
the  higher  deposits  were  settling  down  in  the  first  deep  lake."f 

Sir  Alexander  Cunningham  wrote  :  "  The  bed  of  the  Indus,  like  that  of  all  the 
"  other  rivers,  has  once  been  crowded  with  a  series  of  lakes."} 

We  have  so  far  been  treating  of  the  Indus  itself,  and  we  have  now  to  refer  to  its 

The  principal   tributaries  of  the    Himalayan  tributaries ;  of  these  the  f oUowing  are  the 
^d"«-  most  important : — 

(i)  the  Singhgi,  (ii)  the  Zaskar,  (iii)   the  Dras,  (iv)  the  Shyok,  (v)  the  Shigar, 
(vi)  the  Gilgit  and  (vii)  the  Kabul. 
The  areas  of  the  catchment  basins  drained  by  the  seven   tributaries   may    be 
approximately  estimated  as  follows  : — 

Kabul  river  36000  square  miles. 

Shyok    „  13000 

Gilgit      „  10000 

Zaskar    „  10000  ,, 

Singhgie  „  7000  „ 

Draa       „  5000 

Shigar     „  6000 


9* 


*  Jowmal,  Asiaiie  Society  of  Bengal,  Vo).  XXVI,  1867. 
t  Joutnal,  Itoyal  Cfeographieal  Soeiely,  VoL  XXXIV,  1864. 
t  Ladak  and  wrrounding  eoufUriea. 
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It  will  be  noticed  that  four  of  the  tributaries  have  larger  mountain  basins  thai> 
the  Ganges,  and  that  the  Kabul  river  has  a  larger  basin  than  seventeen  out  of  the 
nineteen  rivers  of  table  xxx. 

Colonel  Montgomerie  compared  the  tributaries  of  the  Indus  with  those  of  the 
Brahmaputra  as  follows :  *  "  Judging  from  my  knowledge  of  these  rivers  I  should 
"  say  they  were  not  equal  to  the  six  tributaries  of  the  Brahmaputra  above  Lhasa 
^*  as  described  by  the  Pandit.  But  supposing  that  they  are  equal  and  that  the  sizes 
"of  rivers  are  somewhat  in  proportion  to  their  lengths  of  course,  i.e.,  that  they 
"would  drain  !the  same  area,  I  conclude  that  the  Brahmaputra  below  the  junction 
"of  the  Lhasa  river  is  at  least  equal  to  the  Indus  at  Attock.  The  latter  probably 
"drains  a  country  which  receives  very  much  less  moisture  than  the  Lhasa 
"  territory." 

One  of  the  native  explorers  expressed  astonishment  to  Montgomerie,  that  the 
Brahmaputra  in  Tibet  became  no  broader,  after  it  had  received  its  largest  tributaries. 
Montgomerie  referring  to  this  peculiarity  wrote  that  it  is  "  quite  in  accordance  with 
"  what  is  known  of  the  upper  course  of  the  river  Indus.  The  Indus  receives  the  Zaskar, 
**  a  river  nearly  as  large  as  itself,  below  Leh,  and  yet  the  increase  in  the  breadth  of  the 
"  main  stream  is  hardly  perceptible  to  an  ordinary  observer.  The  same  thing  happens 
"  at  its  junction  with  the  Dras  river,  and  again  it  is  still  more  remarkable  at  the  point 
where  the  Shy  ok  river  joins  the  Indus,  both  great  streams  with  but  little  difference 
in  volume,  yet  the  combined  stream  appeared  to  me  almost  narrower  than  either  of 
"  them  separately :  the  increased  volume  of  water  having  simply  made  the  stream 
"  deeper." 

The  Singhgi  is  the  name  given  to  the  eastern  branch  of  the  Indus,  which  drains 
Th  SinffheL  *^®   slopcs    of   Aling   Kaugri   peak.     The   existence   of 

this  eastern  branch  was  doubted  at  one  time  by  geo- 
graphers, but  it  was  indicated  by  Henry  Strachey  from  native  information  on  his  map 
of  Ladak  in  1853.  In  1867  a  route  survey  by  the  Pandit  Nain  Singh  proved  that 
the  eastern  branch  was  in  truth  the  main  stream  of  the  Indus.  The  Pandit  named 
this  river  the  Singhgi  Chu  or  Singhgi  Kamba.f 

The  branch  of  the  Indus,  known  as  the  Garjung  or  Gartang,  and  which  flows  by 
Gartok,  and  which  is  generally  accepted  as  the  source  of  the  great  river,  is  smaller 
than  the  Singhgi.  j: 

The  Zaskar  rises  between  the  Indus  and  the  great  Himalaya  range ;  at  its  com- 
Zaak-r  mencement  it  flows  towards  the  range,   as  though  it 

were  going  to  pierce  it,  but  it  sweeps  round  throuigh 
two  right  angles,  and  turning  away  from  the  great  Himalaya,  it  pierces  the  Zaskar 
range,  in  which  it  had  its  source,  and  joins  the  Indus  below  Leh. 

From  its  source  to  Fadam  the  distance  is  140  miles,  and  the  fall  4000  feet,  or  28- 
feet  per  mile.    At  Padam  (12000  feet)  the  Zaskar  makes  its  second  bend,  and  adopts- 

*  Id  his  reference  to  six  tributaries  Montgomerie  was  omitting  the  Singhgi. 

t  Beport  of  the  Trans-Himalayan  Ezploraiions  during  1867,  by  Captain  Montgomerie. 

t  Northern  Frontier  sheet,  14  N.W.,  1  inch  s=  4  miles. 
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its  final  direction  towards  the  Indus :  from  Padam  to  the  Indus  the  length  of  the  river 
is  90  miles,  and  the  fall  2000  feet  or  22  feet  per  mile.  According  to  Henry  Strachey 
the  main  supply  of  water  in  the  upper  part  of  the  Ladak  Indus  is  derived  from  the 
Zaskar  river :  this  river  has  its  sources  in  Himalayan  glaciers,  whilst  the  other  affluents, 
though  longer,  rise  in  drier  climates. 

The  Dras  river  drains  the  plains  of  Deosai  by  means  of  its  two  tributaries,  the 

Shingo  and  southern  Shigar  :*  it  also  drains  the  mountain 
slopes  north  of  the  Zoji  pass.    Its  great  tributary  is 
the  Suru,  which  like  the  Zaskar  starts  on  a  course  towards  the  great  Himalaya,  but 
eventually  bends  completely  round  and  flows  away  from  the  range. 

The  Suru  makes  an  extraordinary  loop  at  the  base  of  the  Nun  Kun  peaks.f  Dr. 
Neve  writes  that  the  Suru  river,  having  cut  a  deep  and  narrow  gorge  at  the  bend, 
has  become  roofed  in  by  boulders  and  debris  for  300  yards. 

The  Shyok  rises  behind  the  Earakoram  range,  and  after  piercing  the  range  joins 

the  Indus  near  Eiris :  the  great  bay,  which  is  to  be  seen 

^°  in  the  water-parting  line  of  the  Indus  in  rear  of  the  main 

range  on  chart  xxxv,  is  drained  by  the  river   Shyok.     The  Trans-Earakoram  basin 

of  the  Shyok  contains  the  well-known  plains  of  Dapsang.    The  passage  of   the  Shyok 

across  the  Earakoram  range  is  indicated  in  the  longitudinal  section  of  chart    xx.{ 

From  its  sources  near  the  Earakoram  pass  §  to  its  junction  with  the  Indus,  the 
length  of  the  Shyok  is  400  miles,  and  the  total  fall  is  11000  feet  or  27  feet  a  mile. 

"  The  general  character  of  the  Shyok,"  wrote  Sir  A.  Cunningham,  "  is  exactly 
"  the  reverse  of  that  of  the  Indus.  Its  upper  course  is  rushing  and  turbulent,  down 
"  a  narrow  glen,  but  its  middle  course  is  either  broad  or  divided  into  numerous 
"  channels  in  an  open  vaUey  :  and  in  these  places  where  the  waters  are  much  scattered, 
"  the  river  is  generally  fordable,  although  not  without  difficulty.  Between  Tertse  and 
"  Unmaru  there  are  seven  distinct  branches,  of  which  three  are  between  300  and  400 
**  feet  in  width  and  the  others  much  smaller,  with  an  average  depth  of  two  feet." 

"At  the  Turtuk  bridge  the  river  narrows  to  70  feet,  and  in  the  lower  part  of  its 
*'  course,  the  Shyok  is  generally  a  furious  rapid  confined  between  precipitous  cliffs."|| 

At  10000  feet  elevation  the  bed  of  the  Shyok  is  four  miles  wide.^ 

The  principal  tributary  of  the  Shyok  is  the  Nubra  which  has  its  source  in  a  large 
glacier,  the  Saichar ;  this  glacier  lies  across  the  Earakoram  range,  and  appears  to  have 
cut  back  to  a  point  35  miles  behind  the  crest-line  of  the  range.  The  Nubra  rises  and 
flows  amid  great  mountains ;  on  the  portion  of  the  Earakoram  range,  which  is  situated 
between  the  Nubra  and  the  Shyok,  the  principal  peaks  vary  from  24000  to  upwards  of 
25000  feet  in  height. 


*  Not  to  be  confused  with  the  northern  Shigar  river,  which  joins  the   Indus  near   Skardo.     Map  of  Turkustan  and 
Punjab  Map. 

j-  Ser  and  Mer  of  table  vi. 

X  Atlas  sheets  44  and  45. 

§  This  pass  is  not  on  the  main  Karakoram  range,  but  on  the  parallel  ridge  behind. 

II  Ladak  and  twroundifig  covnlries. 

^  Dr.  Hunter  Workman  and  Mrs.  Bullock  Workman :    In  the  xet-worid  of  Himalaya.         •■[     . 
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The  valley  of  the  Nubra  consists  of  a  flat  plain,  a  few  miles  broad,  bounded  on 
each  side  by  almost  vertical  cliffs  which  rise  4000  or  5000  feet  above  the  river.* 

"  From  Tsati  to  Changlung,"  write  Dr.  Hunter  Workman  and  Mrs.  Bullock  Work- 
man, "  some  forty  miles,  the  Nubra  valley  is  from  two  to  three  miles  wide,  and  presents 
some  features  not  seen  everywhere  in  Himalayan  valleys.  The  valley  bottom  is 
composed  of  alluvium,  sand  and  stones,  over  which  the  river  flows  in  a  broad  bed 
with  many  channels  and  arms,  which  leave  the  main  stream  at  various  points,  and 
"  soon  join  it  again  enclosing  in  their  course  numerous  islands.  The  river  is  fed  by  many 

"  tributary  streams,  "f 

The  northern  Shigar  river  drains  the  southern  slopes  of  K^  and  collects  its  waters 
_        ^      o,..  from  the   Biafo,   Baltoro   and   Chogo  Lungma  glaciers. 

The  northern  Shigar.  o  o  o 

The  Gilgit  river  has  two   principal  branches,  the  Gilgit  and  the  Hunza :  both 

branches  have  pierced  the  Karakoram  range,  and  both 
^ '  now    drain    considerable    areas    behind    it.  J     The  Gilgit 

is  the  more  western  branch,  and  has  its   sources  near  the  Darkot  and  Baroghil  passes 
of  the  Hindu  Kush. 

The  following  extract  is  from  an  account  of  the  Gilgit  valley  by  Sir  Martin 
Conway : — "  This  accumulation  of  debris  fills  up  the  valley  to  a  depth  of  probably 
**  from  500  to  1000  feet  or  more.  The  Gilgit  river  flows  in  a  gorge  like  a  canyon,  not 
"  so  much  cut  through  as  built  up  by  this  accumulation." 

"  Mud  avalanches  appear  to  be  annually  discharged  by  all  the  gullies,  which 
"  reach  up  to  the  snow  region,  and  traverse  the  barren  levels  beneath.  Kapid  serial 
"  denudation,  the  extraordinary  activity  of  which  has  been  observed  by  all  travellers 
"  in  the  desert  belt  of  the  world,  annually  provides  the  materials  for  these  discharges.  "§ 

In  rear  of  the  Kailas  and  Karakoram  ranges  the  Hunza  valley  is  broad  and  open, 
but  it  becomes  a  defile  with  precipitous  sides  as  the  river  passes  through  the  ranges. 
The  Hunza  river  pierces  the  Kailas  range  within  9  miles  of  Kakaposhi,  the  highest 
point  of  the  range. 

"  The  Hunza  valley,"  we  quote  again  from  Sir  Martin  Conway,  "  in  its  present 
"  condition  shows  the  intermediate  stage  through  which  the  Indus  vaUey  has  passed. 
"  The  Hunza  river  flows  down  a  gorge  between  alluvial  cliffs.  The  ancient  alluvial 
"  cliffs  of  the  Indus  practically  exist  no  more.  It  is  only  here  and  there  at  high  altitudes 
"that  a  fragment  of  them  remains." 

"  The  fact  seems  to  have  been  that  all  the  valleys  of  this  region  were  at  one  time  in 
"  the  condition  exemplified  by  the  Pamirs,  filled  to  a  depth  of  from  one  to  two  thousand 
"  feet  with  mud  avalanche  debris.  In  the  present  geological  period  this  deposit  has 
"  been  largely  washed  out  again,  but  the  depth  of  the  existing  valleys  is  not  much  below 
**that  of  the  old  ones  in  which  the  deposit  was  laid.''|| 


*  Oreat  Trigonometrical  Survey  of  India,  Synoptical  volume  VII, 

'f  In  the  ice-world  of  Himalaya. 

X  Northern  Trans-frontier  sheets,  NO0.  2  and  3,  1  inch  sa  8  miles :  also  3  N.  £.»  3  N.  W.,  1  inch  ss  4  miles. 

i  Geographical  Journal^  Vol.  II,  1893. 

II  Climbing  and  Exploration  in  the  Karakoram  Himalayae^ 
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The  Kabul  river  takes  its  name  from  the  Afghan  capital  town,  near  which  one 

of  its  branches  flows.  Thirty-five  miles  east  of  Kabul 
it  receives  the  Panjshir  affluent,  draining  a  great  length 
of  trough  between  the  north  and  south  Hindu  Kush  ranges.*  Subsequently  the  Kabul 
receives  from  the  north-east  the  rivers  of  Kafiristan,  of  Chitral  and  of  Swat,  which 
flow  parallel  to  the  Indus  (chart  xxxrv).  The  most  important  of  its  tributaries  is 
the  Kunar,  which  has  been  graphically  described  in  Sir  Thomas  Holdich's  Indian  Border- 
Icmd :  this  river,  known  higher  up  as  the  Mastuj,  rises  in  the  same  Hindu  Kush  trough 
as  the  Panjshir  and  pierces  the  Southern  Hindu  Kush  range  in  Chitral. 

The  Indus,  like  the  other  rivers  of  the  Punjab  Himalaya,  is  subject  to  sudden 

and  extraordinary  floods :  these  are  due  not  to  excessive 

rainfall  but  to  the  damming  of  the  river  by  huge  land- 

slips.t 

In  December  1840,  a  side  of  the  hill  known  as  the  Hatu  Pir  fell  into  the  defile  of 

the  Indus  at  the  base  of  Nanga  Parbat,  and  formed  a  dam  1000  feet  high.    An  immense 

lake  was  created  behind  the  dam,  the  water  in  which  became  at  one  place  900  feet 

deep ;  at  Bunji  the  water  rose  to  the  level  of  the  fort,  300  feet  above  the  bed  of  the 

river ;  the  lake  became  nearly  40  miles  long  and  reached  almost  to  Gilgit  town.    For 

six  months  the  waters  were  held  back  by  the  debris  of  the  fallen  mountain,  till  they 

rose  to  the  level  of  the  top  of  the  dam.     The  dam  then  burst,  and  the  lake  emptied 

in  one  day,  the  immense  volume  of  water  rushing  down  to  Attock.J 

*  North- West  TraiiB-frontier  sheet  27,  1  inch  &=  8  mttee :  Northern  Trans-frontier  sheets  2  and  3. 

t  These  landslins  ooonr  more  freqnentfy  in  the  bare  mountains  of  the  Punjab  than  in  the  more  wooded  parts  of  tbe  Him- 
a]aya»  but  all  Himalayan  rivers  are  liable  at  times  to  be  dammed  by  slips.  In  1893  a  tributary  of  the  Ganges  was  dammed 
at  Gohna  by  the  fall  across  its  course  of  a  mountain  side. 

{  This  account  is  given  on  the  authority  of  Colonel  Montgomerie.  Mr.  Fraaer  in  his  Marches  of  Hindustan  attributes 
the  cataclysm  of  the  Indus  in  1841  to  the  damming  of  the  river  by  a  glacier. 
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THE   HIMALAYAN   KIVEES:    SUMMARY. 

On  the  direction  of  river-flow  in  the  structural  troughs  of  the  Himalaya. 

Rivers  flowing  in  troughs  of  the  Punjab  Himalaya  pursue  as  a  rule  north- 
westerly courses ;  the  Sutlej,  the  Beas,  the  Ravi,  the  Chenab,  the  Jhelum,  the  Ejshan- 
ganga,  the  Zaskar  and  the  Indus  all  follow  similar  directions  in  the  mountains.  In 
the  Nepal  and  Assam  Himalaya  opposite  conditions  obtain.  The  Kali,  the  Eamali, 
the  Aran,  the  Sun  Kosi,  the  Narayani,  the  Lopra,  the  Onchu  and  the  Brahmaputra 
all  assume  easterly  courses  in  the  mountains. 

In  the  Punjab  Himalaya  the  only  important  exception  to  the  rule  is  the  Spiti : 
in  the  Nepal  Himalaya  there  is  the  exception  of  the  Birehi,  the  principal  tributary  of 
the  Karnali. 

In  the  Himalaya  of  Kumaun,  which  intervene  between  the  Punjab  and  Nepal, 
the  direction  of  flow  is  less  regular :  in  the  trough  behind  the  great  Himalayan  range, 
the  Bhagirathi  flows  to  the  north-west,  and  in  the  trough  behind  the  lesser  Himalaya 
the  Alaknanda  does  the  same,  but  their  courses  in  general  do  not  altogether  conform 
to  the  Punjab  type  of  river. 

It  may  be  that  the  rivers  which  flow  to  the  north-west  have  had  their  directions 
determined  by  the  bifurcating  ranges  of  the  great  Himalaya :  the  Chenab,  the  Ravi, 
the  Kishanganga  and  the  Jhelum  all  rise  in  the  acute  angles  formed  between  the  great 
Himalaya  and  its  offshoots.  The  Sutlej,  however,  has  cut  its  course  across  both  the 
great  range  and  its  branches,  and  has  clearly  not  been  deflected  by  the  latter.  The 
evidence  furnished  by  the  direction  of  river-flow  perhaps  warrants  the  inference  that 
the  heights  of  the  Kumaun  Himalaya  and  of  the  Manasarowar  basin  have  been  increased 
in  recent  times  ;*  and  that  the  uplift  of  this  central  portion  of  the  mountains  has  helped 
to  determine  the  direction  of  flow  in  the  troughs  on  either  side. 

When  once  the  Himalayan  rivers  have  reached  the  plains,  those  that  belong  to  the 
system  of  the  Indus  flow  directly  away  from  the  mountains,  but  those  that  feed  the 
Ganges  turn  to  the  south-east  and  tend  to  flow  parallel  to  the  Himalaya. 

On  the  gradients  of  river  beds. 

The  gradient  of  the  bed  of  a  Himalayan  river  varies  so  widely  at  different  points 
of  its  course,  that  it  is  doubtful  whether  the  calculation  of  the  average  drop  over  the 
whole  length  affords  information  of  any  value. 


*  The  relative  positions  of  the  peaks  of  Nanda  Devi,  Gurla  Mandhata,  Kamet  and  Kailaa  oonvey  the  idea  that  thrusts 
from  the  directions  of  Nepal  and  the  Punjab  have  in  reoent  times  given  an  additional  elevation  to  the  already  high 
mountains  of  Kumaun  along  a  tnmsverse  zone. 
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When  a  river  descends  from  a  single  mountain  range,  its  gradient  tends  to  decrease 
'^adually  from  its  source  to  its  mouth ;  "**  in  its  first  stage  it  is  torrential,  in  its  last  sluggish. 
But  when  a  river  has  to  pierce  several  parallel  ranges,  as  in  the  Himalaya,  the  case  is 
'  different ;  its  stream  becomes  then  confined,  in  the  intervals  between  its  drops,  to  com- 
paratively level  structural  troughs  lying  between  two  ranges.  In  these  troughs  the 
velocity  of  the  water  is  checked  by  the  decrease  of  gradient,  and  the  river,  depositing 
its  load  of  gravel  and  silt,  forms  for  itself  a  flat  and  open  bed. 

A  river  confined  to  a  trough  will  flow  for  miles  with  a  fall  of  5  or  10  or  20  feet  a 
mile ;  it  will  then  cut  a  gorge  through  one  of  its  barrier  ranges,  and  descend  to  the  next 
trough  with  a  fall  of  100  or  200  feet  a  mile. 

The  floors  of  the  several  Himalayan  troughs  lie  at  different  heights  above  sea- 
level  :  it  is  not  possible  to  state  exactly  the  height  of  any  trough,  because  however  level 
it  might  have  been  originally  it  has  now  been  cut  down  and  given  a  gradient  by  the 
river  flowing  through  it.  The  heights  shown  in  the  following  table  must  therefore  be 
regarded  as  rough  averages. 

Table  XXXI. — Heights  of  floors  of  troughs. 


Trough. 

1 
Region. 

Average  height 
in  feet  of  floor 
above  sea-leveL 

»                                                                                                                                                                                          1 

I 

Between  the  Eailas  and  Ladak  ranges 

1 

C  Brahmaputra 
(.  Manasarowar 

12000 
15000 

Between  the  Ladak  and  Great  Himalayan  ranges    . 

Arnn    . 

13000 

1 

Between  the  Great  and  Tjesser  Himalayan  ranges    . 

r  Kashmir 
■j  Sun  Kosi 
(.Pindar  . 

5300 
3000 
3000 

Between  the  Lesser  Himalayan  and  the  Siwalik  range 

1 
r  Ramganga    . 

(.  Dehra  Dun 

1600 
2000 

Level  of  plains  outside  the  Siwalik  range 

1 

(  Opposite  Nepal 
<  Opposite  Kumaun  . 
(  Opposite  Punjab    . 

600 
850 
900 

The  Aran  in  its  high  level  trough  north  of  the  great  Himalayan  range  flows  for 
70  miles  with  a  faU  of  15  feet  a  mile,  but  when  it  forsakes  its  trough  and  pierces  the 
great  Himaliaya,  it  drops  10000  feet  in  150  miles,  or  67  feet  per  mile." 

The  Arun  is  not  stopped  or  deflected  by  the  lesser  Himalaya,  but  many  rivers, 
of  which  the  Sun  Kosi  is  one,  after  rapid  descents  from  the  great  Himalayan  glaciers, 
flow  in  the  trough  below  for  long  distances  and  with  greatly  diminished  gradients. 


*  This  rule  ia  modified,  when  the  rooks,  over  which  the  river  passeBt  possees  different  powers  of  resistance  to  its  wear. 
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The  following  table  gives  a  few  numerical  estimates  of  average  gradients ;  it  is 
not  possible  as  yet  to  draw  any  sections  along  actual  river  beds,  as  sufficient  numbers 
of  heights  are  not  available. 

Table  XXXII. 


Position  of  source.* 

River. 
Indus. 

Height  at  its 
passage  of 

great  Hima- 
layan axis. 

Length 
in  the 
mountains. 

Miles. 
1100 

Average 

fall  per 

mile. 

y«*riations  of  falL 

North  of  Ladak  range. 

Feet. 
4000 
9000 

1 
1 

6000 
9000 

5000 
'  does  not  cross 

1 

1 

1 
1 

does  not  cross 
does  not  cross 

i 

does  not  cross 

Feet. 
15 
30 

75 

100 

unknown 
28 

10  feet  per  mile  near  Gartok ;    nowhere   as 
much  as  25  feet  per  mile  except  for  very 
short  distances. 

Sutlej. 

560 

In  Tibet  34  feet  per  mile  ;  in  the  Himalaya 
39  feet ;  below  Bilaspur  5  feet. 

South  of  Ladak  range, 
but    north     of     tne 
great         Himalayan 
range. 

Alaknanda. 

200 
150 

160  feet  a  mile  at  the    passage  of  the  great 
Himalaya  ;  from  Srinagar    to  Hard  war  14 
feet  a  mile. 

KaU. 

This  river  seems  to  pursue  a  straight  course 
across  the  mountains  without  deviating 
into  longitudinal  troughs. 

In    the    great   Hima- 
laya. 

Bhotia 
Kosi. 

Jhehim. 

1  unknown 

This  river  appears  to  drop  13000  feet  in  its 
first  30    miles— over    400     feet   a    mile. 
Though  this  estimate  may  be  wrong    the 
fall  is  certainly  immense. 

1 
1 

400 
380 

200  feet  a  mile  near  its  source  ;  3  feet  a  mile 
for  120  miles  in  Kashmir  ;  35  feet  a  mile 

below  Baramula. 

1 

Chenab. 

40 

48 

115 

65  feet  a  mile  near  its  source  :  22  feet  a  mile 
from  Tandi  to  Kishtwar :  100  feet  a  mile 
at  passage  of  PLr  Panjal ;  20  feet  a  mile 
above  Akhnur. 

In  the  lesser  Himalaya. 

Beas. 
Ravi 

250 

125  feet  a  mile  from  its  source  to  Larji :    U 
feet  a  mile  below  Mandi. 

130 

1 

200    feet   a     mile  near  its  souroe;  seldom 
less  than  50  feet  a  mile  anywhere. 

Numerical  estimates  of  gradients  are  always  liable  to  be  too  steep :  the  numberless 
sinuosities  of  a  river  flowing  through  mountains  cannot  be  shown  on  a  map,  and  the 
length  of  the  stream  is  always  measured  too  small. 

The  following  are  the  various  lengths  obtained  for  the  river  Ganges  from  Badrinath 
to  Hardwar  as  measured  from  different  maps : — 


from  the  map  of  India  on  the  scale  of  1  inch  =  32  miles  . 
from  the  index  map  of  Kumaun  on  the  scale  of  1  inch  =  12  miles 
from  the  atlas  of  India  on  the  scale  of  1  inch  =  4  miles    . 
from  Kumaun  and  Garhwal  survey  on  the  scale  of  1  inch  =  1  mile 


Miles. 

127 
133 
143 
155 


*  The  sources  of  all  these  rivers  are  above  16000  feet.  It  is  not  possible  to  state  the  height  of  the  souiee  of  a  river 
rising  in  mountains  except  apfvoximately.  The  lower  end  of  the  principal  glacier  meurks  the  point  where  »  stream  of 
water  is  first  visible,  but  this  is  not  the  source  of  the  river.  The  snow,  that  faUs  on  the  highest  peaks,  may  eveutoally^ 
find  its  way  into  the  glacier  and  thence  into  the  river. 
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Chart  xxxvii  has  been  drawn  to  show  that  the  further  back  a  river  rises  in 
the  Himalaya  or  Tibet  the  less  likely  it  is  to  have  a  steep  average  gradient.  The 
fall  of  a  river  like  the  Brahmaputra  rising  in  Tibet  must  tend  to  be  less  than  that  of 
one  like  the  Kavi,  which  rises  in  glaciers  of  the  lesser  Himalaya. 

It  cannot,  however,  be  laid  down  that  the  gradients  of  rivers  depend  only  or  even 
mainly  upon  the  positions  of  their  sources,  for  much  depends  upon  the  subsequent 
straightness  of  course.  A  river,  for  instance,  like  the  Elali,  that  cuts  straight  across  the 
hills  from  its  source  to  its  exit,  tends  to  develop  a  steeper  average  gradient  than  one 
like  the  Jhelum,  which  meanders  through  the  trough  of  Kashmir. 

Positions  of  the  sources  of  the  principal  Himalayan  rivers. 
The  following  rivers  rise  in  the  lesser  Himalayan  ranges  :* — 

The  Ramganga  (chart  xxv), 

Baghmati    (chart   xxvii), 

Beas  (chart  xxxn), 

Ravi  (chart  xxxii). 
The  following  rise  in  the  great  Himalayan  range  'chart  xxxvii*,  : — 

The  Mandakini  (chart    xxiv), 

Seti   (chart  xxvi), 

Indrawati  (chart  xxviii), 

Madi  (chart  xxvn), 

Dudh  Kosi  (chart  xxviii), 

Jumna   (chart  xxiv). 

Tons  (chart  xxiv), 

Jhelum  (chart  xxxiii), 

Edshanganga  (chart  xxxiii), 

Chenab  (chart  xxxin). 
The  following  rise  behind  the  great  Himalayan  range  * — 

Bhotia  Kosi  (chart  xxviii), 

Tambar  Kosi  (chart  xxviii). 

Tista  (chart  xxviii). 
The  following  rise  in  the  Zaskar  range  : — 

Kali   (chart   xxv), 

Alaknanda  (chart  xxtv), 

Bhagirathit   (chart  xxiv), 

Spiti  (chart  xxxt). 
The  following  rise  in  the  Ladak  range  : — 

Aran  (chart  xxviii), 

Kali  Gandak  (chart  xxvii), 


*  The  position  of  the  source  of  the  Rapti  (chart  xxvi)  is  uncertain. 

t  In  diagram  4  of  chart   xxxvn  the  Bhagirathi  has  been  shown  as  rising  in  the  trough   behind  the   great  Himalaya 
This  is  correct,  but  it  rises  in  the  Zaskar  range  and  not  in  the  Ladak.  ^ 
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Eamali  (chart  xxvi), 

Birehi  (chart  xxvi),  ) 

Raidak  (chart  xxix), 

Manas  (chart  xxix). 
The  following  rises  in  the  Kailas  range : — 

Sutlej  (chart  xxxi). 
Affluents  of  the  following  rise  in  Tibet  north  of  the  Kailas  range  :— 

Indus  (chart  xxxiv), 

Brahmaputra  (chart  xxx). 

The  rivers  that  rise  in  Tibet  show  great  differences  in  the  depths  to  which  they 

have  cut  down  their  channels.     At  its  escape  from  Tibet  the  Indus  is  1000  feet  lower 

than  the  Kamali,  3400  feet  lower  than  the  Brahmaputra,  and  5400  feet  lower  than  the 

Sutlej. 

Varicaions  in  river-gradients. 

It  has  been  suggested  that  the  increase  in  gradient  during  a  river's  passage  of 
a  range  has  been  caused  by  the  gradual  rise  of  the  range  across  the  course  of  the  river, — 
that  the  river  has  been  unable  to  wear  away  the  range  as  rapidly  as  the  latter  has  grown. 

The  larger  rivers,  it  has  been  stated,*  are  usually  observed,  within  ten  miles  of  the 
line  of  the  great  peaks,  to  be  flowing  at  an  elevation  of  little  more  than  4000  feet,  but 
*  *  on  crossing  that  line  the  acclivity  suddenly  and  rapidly  increases,  and  the  river 
"  beds  are  found  in  a  few  miles  to  be  at  an  altitude  of  9000  orlOOOO  feet.  Above 
"  this  the  gradient  falls  again,  and  in  the  Tibetan  region  the  average  slope  does  not 
"  seem  to  be  more  than  a  few  feet  in  each  mile  of  channel." 

'  *  This  sudden  rise  in  the  river  beds  as  they  cross  the  line  of  highest  peaks  seems 
"  to  show  that  this  has  been  a  region  of  greater  and  more  rapid  upheaval  than  those 
"to  the  north  or  south." 

We  do  not  think  that  any  such  deduction  is  admissible :  a  river  passing  from  a 
high  level  trough  to  one  of  low  level  must  necessarily  flow  on  a  steeper  gradient  during 
the  descent  than  when  confined  to  either  trough,  and  the  variation  in  gradient  does  not 
seem  to  us  to  furnish  evidence  as  to  the  rate  of  upheaval. 

It  may  indeed  be  questioned  whether  the  gradient  of  a  Himalayan  river  ever 
increases,  as  it  passes  the  axis  of  the  great  range  :  the  Kali  Gandak  for  instance  rising  in 
the  Ladak  range  descends  3180  feet  in  its  first  12  miles,  from  15080  to  11900,  or  265 
feet  a  mile  :  in  the  next  22  miles  it  is  in  a  trough  and  falls  2950  feet,  or  134  feet  a  mile  :  it 
then  commences  its  drop  to  the  outer  trough  and  descends  6900  feet  in  38  miles  or  181 
feet  a  mile.  If  the  barometric  observations  of  the  explorer  are  reliable,  the  river 
commences  its  increased  fall  of  181  feet  a  mile,  not  at  crossing  the  great  Himalayan 
axis,  but  at  its  entry  into  the  great  range.     We  believe  that  this  is  the  case  also  with 


*  Journal,  Royal  Geographical  Society,  Vol  XXI,  1851. 
Encydopcedia  Britanniea,  VoL  XI. 
A  Manual  of  the  Oeclogy  of  India.  2nd  Edition,  page  462. 
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the  Alaknanda  and  the  Aran.     The  great  range  is  50  miles  broad,  and  the  rivers  increase 
their  gradient,  as  they  pass  not  its  axis  but  its  northern  edge. 

Dr.  Hooker  found  that  the  peak  of  Jano  was  5  miles  distant  and  rose  13932  feet 
w     *..    t      .*!.«•.  above  the  village  near  which  he  was  encamped.*' This,'* 

Mountain  slopes  in  the  Himalaya.  ^  ^  ' 

he  wrote,  '  *  is  one  of  the  most  sudden  slopes  in  this  part 
**  of  the  Himalaya,  the  angle  between  the  top  of  Jano  and  Kambachen  being  2786 
feet  per  mile,  or  1  in  1*8.  The  slope  from  the  top  of  Mont  Blanc  to  the  Chamouni 
valley  is  2464  feet  per  mile,  or  1  in  2'1.  That  from  Mont  Rosa  top  to  Macugnaga 
"greatly  exceeds  either."* 

In  th.e  basin  of  the  Dhauli  (Alaknanda)  there  is  in  one  place  a  drop  of  7000  feet  in 
one  mile.  In  the  basin  of  the  Kali  an  instance  is  known  of  a  fall  of  14000  feet  in  1| 
miles,  or  8000  feet  a  milcf  On  the  north  side  of  the  Karakoram  from  the  peak  of 
K^  to  the  bed  of  the  Oprang  tributary  of  the  Yarkand  river  the  drop  is  over  3000  feet 
a  mile  for  5  miles.  From  the  peak  of  Haramosh  on  the  Kailas  range  to  the  bed  of  the 
Indus  the  drop  averages  2360  feet  a  mile  for  8  miles. 

The  large  angles  of  slope  that  are  to  be  found  everywhere  in  the  great  Himalaya 
are  not  met  with  in  the  outer  and  lower  ranges :  perpendicular  drops  of  a  few  feet  are 
common  everywhere,  but  it  is  seldom  in  the  lesser  Himalaya  that  we  meet  with  a 
difference  of  height  of  1500  feet  occurring  within  a  horizontal  distance  of  1  mile. 

*  Himalayan  Joumala,  VoL  I,  page  258»  footnote. 

t  This  faU  takes  plaoe  between  Haaaling  peak  and  the  bed  of  the  Gori,  Vide  Geneni  Beport,  Survey  of  India,  1874-75. 
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THE  RIVEK-GOKGES  OF  THE  HIMALAYA. 

There  is  hardly  a  mountain  range  in  Asia  that  has  not  been  cut  across  by  a  river. 
A  river  which  has  been  flowing  for  miles  along  an  open  trough  between  two  parallel 
ranges  will  suddenly  bend  and  piercing  one  of  the  ranges  will  escape  through  a  precipi- 
tous gorge.* 

The  lengths  and  depths  and  forms  of  the  stupendous  gorges,  through  which  the 
rivers  of  Asia  pass  the  mountain  ranges,  have  excited  the  wonder  of  all  travellers  who 
have  seen  them :  the  extraordinary  narrowness  of  the  defiles,  the  perpendicularity 
of  their  walls  and  the  immense  difference  of  altitude  between  the  beds  of  the  rivers 
and  the  peaks  towering  immediately  above  them  have  given  to  these  wonderful  chasms 
an  absorbing  geographical  interest. 

In  many  instances  a  range  is  found  to  possess  the  same  form  and  character  on  the 
two  sides  of  a  river-gorge  intersecting  it,  but  in  others  it  appears  to  undergo  a  complete 
change.  No  difference  can  be  observed,  for  example,  in  the  shape  or  height  or  align- 
ment of  the  Pir  Panjal  range  on  the  two  sides  of  the  gorge  of  the  Jhelum,  and  the  great 
Himalayan  range  itself  does  not  change  its  form  at  the  passage  of  the  Arun  Kosi.  But 
at  its  intersection  by  the  Sutlej  the  change  in  the  great  range  is  so  complete  that  it  is 
dilB&cult  to  trace  a  connection  between  the  mountains  on  either  side  of  the  gorge. 

Many  controversies  have  arisen  over  the  origin  of  the  great  river-goiges.  A  century 
ago  the  explanation  generally  accepted  was  that  earthquakes  or  other  convulsions  had 
produced  long  fractures  through  the  mountains,  and  that  the  rivers  had  found  their 
way  along  the  cracks ;  but  subsequent  examinations  of  rocks  below  the  beds  of  gorges  so 
frequently  showed  no  signs  of  fractures,  that  it  is  now  generally  acknowledged  that 
the  gorges  have  been  slowly  carved  by  the  rivers  themselves  during  the  course  of  ages. 

Though,  however,  the  defiles  of  many  rivers  are  unconnected  with  transverse 
fractures,  yet  a  certain  few,  among  which  the  Alaknanda  is  one,  are  now  known  to  foUow 

m 

the  lines  of  geological  faults ;  even  in  these  cases  however  the  gorges  have  been  carved 
mainly  by  water  and  an  original  structural  weakness  was  merely  the  determining 
cause  of  the  position  of  the  gorge  in  the  beginning. 

A  gorge  may  be  carved  by  water  across  a  range  in  many  different  ways.  Firstly,  as  a 
new-born  range  is  rising  slowly  out  of  the  ocean,  it  may  be  cut  across  at  intervals  by  the 
sea  and  divided  into  a  series  of  islands ;  the  channels  cut  thus  in  early  times  may  subse- 
quently develop  into  river-gorges.  Secondly,  the  snow  and  rain  falling  on  the  front 
slopes  of  a  range  may  create  glaciers  and  rivers,  which  slowly  cut  back  by  head- 
erosion  and  eat  through  the  mountains.  Thirdly,  the  snow  and  ice  accumulating  on 
the  crest  may  gravitate  towards  the  lowest  points  of  the  range,  and  thence  flow  off  in 
opposite  directions  and  wear  away  the  rock  on  both  flanks  simultaneously.  Fourthly, 
a  river  may  be  antecedent  or  older    than    the    mountains,  and  have  maintained  its 


*  The  River  vaUeys  of  the  Himalayas,  an  address  to  the  Manchester  Geographical  Society,  1893,  by  R.  D.  Oldham. 
The  evolution  of  Indian  Oeograpfiy,  by  R.  D.  Oldham,  Oeoffraphieal  Journal,  March,  1894. 
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path  across  the  latter  as  they  rose.  Fifthly,  the  flow  of  a  river  may  be  dammed  by 
the  rise  of  mountains  across  its  path,  and  the  waters  of  the  lake  so  formed  may  eventually 
overflow  and  carve  a  gorge  across  the  barrier  range. 

From  classifications  of  the  known  gorges  of  Asia  geographers  were  led  to  believe 
that  the  drainage  of  numerous  mountain  basins  has  been  dammed  by  the  rise  of  recent 
ranges,  and  that  the  imprisoned  water  has  risen  and  overtopped  the  crests  and  has 
eroded  narrow  channels  in  its  escape.  But  owing  to  the  entire  absence  of  lacustrine 
deposits,  geologists  have  been  unable  to  accept  this  explanation.  In  view  of  the 
differences  of  opinion  that  are  now  existing,  we  cannot  presume  in  this  paper  to  put 
forward  any  theory  accounting  for  the  presence  of  the  gorges.  The  courses  of  rivers- 
across  ranges  may  have  originated,  some  in  one  way,  some  in  another,  and  even  a 
single  gorge  may  have  been  partly  due  to  one  cause  and  partly  to  others.* 

The  charts  of  rivers  bring  home  to  us  how  different  are  the  forms  of  basins.  On 
the  one  hand  we  see  the  Kosi,  the  Kamali  and  the  Gandak  possessing  numerous  branches 
and  draining  immense  lengths  of  the  snowy  range,  and  on  the  other  we  witness  the 
Sutlej  a  branchless  trunk  issuing  from  Tibet  and  draining  a  narrow  transverse  zone 
of  the  Himalaya. 

The  following  table  shows  the  heights  of  the  beds  of  the  principal  gorges  through 
the  great  Himalayan  range  and  the  widths  of  those  gorges  at  certain  heights : — 

Table  XXXIIL 


River-gorge. 


Height  of  bed 
of  gorge  in  feet 
near  the  axis 
of  the  lange. 


Kali  Gandak 

Bhotia   Kosi 

Bhagixathi 

Dudh   Kosi 

Sutlej 

Trisrdi  Gandak 

Buria  Gandak 

EaU 

Qori 

Arun 

Tista 

Alaknanda 


5000 
5000 
7000 

16000 
9000 
6000 
7000 
9000 

10000 
6000 
6000 
6000 


Wiath  of  gorge  between  commanding  peaks. 


12 

miles 

at 

24000 

feet 

10 

miles 

at 

20000 

feet 

11*5  miles 

at 

20000 

feet 

14 

miles 

at 

22000 

feet 

9 

miles 

at 

20000 

feet 

16 

miles 

at 

19000 

feet 

18 

miles 

at 

19000 

feet 

6 

miles 

at 

16000 

feet 

6 

miles 

at 

16000 

feet 

14 

miles 

at 

16000 

feet 

25 

miles 

at 

16000 

feet 

30 

miles 

at 

16000 

feet 

Average  fall 

per  mile  from 

peak  to  bed. 

3167  feet 

3000  feet 

2261 

feet 

857 

feet 

2444 

feet 

1623 

feet 

1333 

feet 

2333 

feet 

2000 

feet 

1429 

feet 

800 

feet 

666 

feet 

The  proximily  of  high  peaks  to  deep  gorges. 

The  passage  of  a  river  across  a  range  has  been  observed  to  occur  in  many  places 

near  the  highest  point  of  the  range,  but   our   knowledge  of  the  Himalaya  mountains 

is  insufficient  to  justify  any  statement  of  a  general  law.     Some  supreme  summits  do  not 

appear  to  stand  on  the  edges  of  transverse  gorges,  and  some  of  the  gorges  do  not  appear  to 


*  **  Notiiiug  can   be  certain  till  the  topography  and  the  geology  are  better  known  " :    vide  The  vaUeys  of  Ihe  Hima- 
layas, by  R.  D.  Oldham,  Oeographical  Journal,  November,  1007. 
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have  been  cut  on  the  flanks  of  great  peaks,  yet  proximity  has  been  so  often  noticed 
that  it  must  now  be  regarded  as  a  phenomenon  deserving  attention. 

It  may  be  that  the  great  outbursts  of  granite,  which  go  to  form  the  high  peaks, 
are  frequently  accompanied  by  lines  of  weakness  in  the  original  structure,  and  that  whilst 
the  peaks  themselves  are  hard,  the  rocks  on  their  flanks  have  feeble  powers  of  resistance. 

It  may  be  that  the  high  peaks  have  from  early  times,  before  the  mountains  attained 
their  present  elevation,  condensed  the  moisture  of  southern  breezes  and  caused  more 
snow  and  rain  to  be  precipitated  in  their  vicinity  than  on  other  parts  of  the  range,  and 
have  thus  given  to  glaciers  and  streams  not  only  a  greater  fall  and  a  greater  eroding 
power,  but  a  greater  volume.  * 

It  may  be  that,  as  one  portion  of  the  earth's  crust  becomes  elevated  to  a  great 
height,  an  adjacent  portion  becomes  depressed,  in  accordance  with  the  theory  of 
isostasy. 

It  may  be  that  the  highest  points  of  ranges  occur  at  the  bends  and  bifurcations  of 
the  latter,  and  that  the  bays  and  angles  formed  by  bends  and  bifurcations  render  such 
places  liable  to  the  attacks  of  glaciers  and  streams.  At  present  we  are  unable  to 
determine  the  cause,  and  the  solution  of  the  problem  awaits  further  and  more  accurate 
observations. 

The  following  table  contains  a  few  examples  of  the  proximity  of  extreme  heights 
and  depths :  all  the  peaks  included  in  the  table  are  the  highest  points  of  their 
respective  regions.  ' 

Table  XXXIV. 


River. 

Height  of 

bed  of  goige 

near  the 

peak. 

Range. 

Peak. 

Height  of 
peak. 

Horizontal 
distance 

from  peak 
to  bed. 

Miles 

Fall  per 

mile  from 

peak  to 

bed. 

1 

Sutlej 

Feet 
10000 

Zaskar 

Leo  Pargial 

Feet 
22210 

Feet 
2713 
5449 
1926 
1616 

Kali  Gandak 

5000 

Great  Himalaya 

Dhaulagiri 

26796 

4 

Arkari 

10000 

Hindu  Rush 

TirichMir 

25426 

8 

Indus 

4000 

Great  Himalaya 

Nanga  Parbat 

26620 

14 

Hiinza 

6000 

Ejulas 

Rakaposhi 

25550 
25433 

9 

2172 

Dudh  Eosi 

18500 

Great  Himalaya 

X«2 

4 

1733 

Gori  . 

10000 

Great  Himalaya 

Nanda  Devi 

25645 

12 

1304 

Yurangkash 

11000 

Kuen  Lnn 

Highest  peak  of 
region. 

23890 

10 

1289 

*  If  the  rate  of  flow  be  doubled,  the  force  of  the  water  is  mcreased  04  times.    The  transportatioQ  of  boaiden»  the  eronon 
of  gorges  and  the  destmotion  of  mountains  are  mainly  the  work  of  nveis  when  in  vtoCnil  flood. 
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The  highest  fomts  of  ranges  tend  to  occur  on  transverse  lines. 

In  the  last  paragraphs  we  dealt  with  the  phenomenon  of  contrast :  in  this  we  refer  to 
the  phenomenon  of  sympathy.  The  contrasts  were  between  neighbouring  points  of  the 
same  range,  the  sympathies  are  between  corresponding  points  of  different  ranges. 

The,  several  parallel  ranges  of  the  Himalaya  and  Tibet  tend  to  culminate  in  sym- 
pathy with  each  other :  we  give  the  following  instances  to  illustrate  our  meaning. 

(i)  The  Karakoram  culminates  in  K*  opposite  to  the  Pir  Panjal,  which  is  the 
highest  section  of  the  outer  Himalaya.  Of  the  intermediate  ranges  the 
Punjab  Himalaya  culminate  in  Nanga  Parbat,  and  the  Kailas  range  in 
Haramosh,  between  K*  and  the  Pir  Panjal. 

(ii)  In  the  Nepal  Himalaya  the  supreme  peaks  of  Everest  and  Kinchinjunga 
stand  on  the  great  range  opposite  to  what  appears  to  be  an  exceptional 
development  of  the  outer  range.* 

(iii)iThe  Chur  peak,  the  highest  of  the  Nag  Tibba  range,  stands  opposite  to  the 
great  Zaskar   peak,  Leo  Pargial  and  to  the  Aling  Eangri  of  Tibet. 

(iv)  A  further  example  of  sympathetic  expansion  we  find  in  the  Eumaun  Him* 
alaya.  Here  the  culminating  point  of  the  great  range  is  Nanda  Devi ; 
on  a  Une  at  right  angles  to  the  range  stands  Kailas,  the  culminating 
point  of  the  Eailas  range ;  south-east  of  this  line  is  Gurla  Mandhata,  the 
highest  peak  of  Ladak  range,  and  north-west  is  Eamet,  the  highest  peak 
of  the  Zaskar  range.  Thus  we  see  that  all  four  ranges  tend  to  increase 
in  elevation  within  the  same  region. 

^v)  A  fine  example  of  sympathetic  expansion  is  furnished  by  the  Hindu  Rush. 
After  a  stretch  of  100  miles  from  east  to  west,  throughout  which  its  highest 
peaks  rarely  exceed  20000  feet,  the  southern  Hindu  Rush  range  rises 
suddenly  to  241 7 1  feet  at  Sad  Ishtragh :  immediately  opposite  to  Sad 
Ishtragh  the  northern  Hindu  Rush  range  shows  in  its  peak  of  Lunkho 
(22641  feet)  an  even  more  extraordinary  rise.  Twenty -five  miles  from 
Lunkho,  north  of  the  Oxus,  appear  the  two  highest  peaks  of  the  whole 
Trans-Oxus  region,  which  combine  with  Lunkho  and  Sad  Ishtragh  and 
a  peak  (21297  feet)  of  the  Railas  range  on  the  south  to  form  a  wonderful 
line  of  maximum  elevation  at  right  angles  to  the  direction  of  the  ranges. 

The  lowest  points  of  ranges  tend  to  occur  on  transverse  lines. 

The  above  are  examples  of  sympathetic  maxima,  and  chart  xxxvi  has  been 
"drawn  to  illustrate  sympathetic  minima,  and  to  show  how  the  gorges  or  lowest  points 
of  ranges  tend  to  occur  on  transverse  lines. 


*  Map  of  Nepal,  tioale  1  inch  s=  16  miles. 


188 


THE  RIVERS  OP  THE  HIMATAYA  AND  TIBET. 


following 


Table  XXXV. 


A 1    Tbe  Indus  turns  the  great  Himalaya  west  of  Nanga  Parbat. 

A  2    The  Hunza  river  turns  the  Karakoram  north-west  of  Rakaposhi. 


fi  1  Passage  of  the  Jhelum  through  the  Pir  Panjal  range. 

B  2  Passage  of  the  Indus  through  the  Ladak  range. 

B  3  Shimshal  pass. 

B  4  Passage  of  the  Oprang  river  through  the  Aghil  range. 

B  5  Passage  of  the  Tarkand  river  through  the  Kuen  Lun  range. 


C  1    The  Chenab  crosses  the  lesser  Himalayan  range. 
C  2    The  Zoji  pass. 

C  3    The  Shigar  river  crosses  the  Zaskar  range. 
C  4    The  Indus  crosses  the  Ladak  range. 

Karakoram  pass. 
C5  The  Karakash  crosses  the  Kuen  Lun  range. 


D  1  The  Chenab  cuts  through  the  Pir  Panjal  range. 

D2  The  Zaskar  river  cuts  through  the  Zaskar  range. 

D  3  The  Nubra  cuts  through  the  Kailas  range. 

D  4  The  Yurangkash  river  cuts  through  the  Kuen  Lun  range. 


E  1  The  Beas  cuts  the  Siwalik  range. 

E  2  The  Ravi  cuts  the  Dhauladhar  range. 

E  3  Great  bend  in  the  Zaskar  river. 

E  4  The  Shyok  river  cuts  the  Karakoram  range. 


F  1    The  Sutlej  passes  the  Siwalik  range  at  an  overlap. 

F  2    The  Beas  passes  the  Dhauladhar  range. 

F  3    The  Spiti-Indus  water-parting  bends  through  a  right  angle. 

F  4    The  Indus  breaks  through  the  Ladak  range. 

The  Pangong  line  of  lakes  bends  in  sympathy  with  the  Indus. 
F  5    The  Eliria  breaks  through  the  Kuen  Lun  range. 


G  1  The  Jumna  passes  the  Siwalik  range. 

G  2  The  Sutlej  crosses  the  great  Himalaya. 

G  3  The  eastern  branch  of  the  Indus  crosses  the  Kailas  range. 

H  1  The  Ganges  passes  the  Siwalik  range. 

H  2  The  Ganges  (Bhagirathi)  crosses  the  great  Himalaya. 

H  3  The  Sutlej  crosses  the  Zaskar  range. 

K 1  The  Alaknanda  crosses  the  great  Himalaya. 

K2  The  Sutlej  crosses  the  Ladak  range. 


L  1  The  Kali  Gandak  cuts  the  Himalayan  range  east  of  Dhaulagiri. 

L  2  The  Photu  pass,  15080  feet,  over  the  Ladak  range. 

L  3  A  northern  tributary  (Charta  Sangpo)  of  the  Brahmaputra  cuts  the  Kailas  range. 

M  1  Knee-bend  at  junction  of  the  Trisuli  Gandak  and  Kali  Gandak. 

M  2  Southward  bend  in  the  Brahmaputra. 
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Table  XXXY—contd. 


N 1    The  Buiia  Gandak  cuts  the  great  Himalaya. 

N  2    A  northern  tributary  of  the  Brahmaputra  cuts  the  Kailas  range. 


The  Baghmati  passes  the  Siwalik  range  opposite  the   Bhotia  Eosi's  passage  through  the 
great  range.     (Charts  xxvn  and  xxviii.) 


P 1    The  Arun  Eosi  breaks  through  the  great  Himalaya,  lesser  Himalaya    and  Siwalik  range 

on  one  alignment. 
P  2    The  Brahmaputra  cuts  northwards  through  a  branch  of  the  Eailas  range. 


Q  1  The  Ganges  and  Brahmaputra  break  between  the  mountains  of  Chota  Nagpur  and  Assam. 

Q  2  The  Siwalik  range  is  destroyed. 

Q  3  Bend  in  the  great  Himalaya  between  Einchinjunga  and  Chumalhari. 

Q  4  The  Nyang  tributary  of  the  Brahmaputra  breaks  the  Ladak  range. 

Q  5  Northern  tributary  of  the  Brahmaputra  cuts  the  Eailas  range. 


B  1    Enee-bend  of  the  Manas  river. 

R  2    Lake  Tamdrok. 

R  3    The  Eyi  (Lhasa)  river  cuts  the  Eailas  range. 


It  will  be  held  that  many  of  the  above  so-called  examples  of  sympathy  are  but 
coincidences,  and  doubtless  this  is  the  case :  but  the  total  accumulation  of  evidence 
is  considerable,  and  can  hardly  be  dismissed  as  a  series  of  accidents. 

The  higher  rcmge  of  a  trough  is  generally  the  one  pierced  by  the  escaping  drainage. 

When  a  river  breaks  out  from  a  trough,  the  range  that  is  pierced  is  generally  the 
higher  of  the  two :  rivers,  for  example,  that  rise  in  the  Sarikol  trough,  escape  through 
the  higher  range  to  the  east ;  those  that  rise  in  the  Hindu  Eush  trough,  with  the 
exception  of  two  minor  streams,  escape  through  the  higher  range  to  the  south; 
those  that  rise  behind  the  Kuen  Lun  escape  through  the  higher  range  to  the  north ; 
those  that  rise  north  of  the  great  Himalaya  escape,  with  one  exception,  through 
the  higher  range  to  the  south. 

If  it  could  be  proved  that  the  river -gorges  in  these  cases  had  been  caused  by  the 
overflows  of  imprisoned  lakes,  it  would  become  evident  that  the  higher  ranges  were 
younger,  and  were,  at  the  times  when  the  overflows  were  commencing,  lower  than  their 
parallel  companions,  which  they  now  surpass. 

The  gorges  in  the  Great  Himalaya  compared  voith  those  of  the  Ladak  range. 

The  longitudinal  section  in  chart  xx  illustrates  the  interesting  fact  that  no  river 
crosses  the  Punjab  Himalaya  throughout  a  length  of  360  miles — from  the  Sutlej  to 
the  Indus.  The  same  section  shows  that,  in  other  portions  of  the  Himalaya,  rivers 
are  intersecting  the  great  range  at  every  50  or  60  miles.  The  absence  of  gorges 
through  the  Punjab  Himalaya  seems  to  be  due  to  the  fact  that  the  drainage  of  the 
northern  slopes  all   flows   towards  Ladak  and  escapes  by  the  Indus. 
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In  Tibet  the  Indus  has  cut  down  its  bed  to  a  depth  greater  by  4000  feet  than  the 
Brahmaputra ;  this  lower  level  of  the  Indus  has  given  to  its  tributaries  in  Ladak  a  consi-^ 
derable  fall,  and  has  perhaps  induced  them  to  flow  away  from  the  Himalayan  crest  rather 
than  attempt  to  cross  it. 

If  we  compare  the  great  Himalayan  and  the  Ladak  ranges,  we  find  a  curious 
alternation  existing ;  in  Nepal  the  Himalaya  are  pierced  by  many  gorges  but  the  Ladak 
range  is  not ;  opposite  the  Punjab  the  Himalaya  are  not  so  pierced  but  the  Ladak 
range  is.  In  the  region  where  rivers  cut  across  the  southern  of  the  two  ranges^ 
the  northern  range  is  not  intersected,  but  where  the  southern  range  runs  for  a  long- 
distance intact,  the  northern  is  interlaced  by  the  Indus.* 

The  gorges  in  the  Great  Himalaya  compared  with  those  of  the  Lesser   Himaiaya. 

Our  charts  show  that  the  great  Himalayan  range  has  been  pierced  by  more  rivers 
than  the  lesser  range ;  f  it  might  have  been  supposed  that  a  river,  which  had  been  able 
to  carve  a  deep  gorge  through  the  great  range,  would  be  able  to  maintain  its  way  across 
the  lesser  range  during  the  rise  of  the  latter ;  but  surveys  teach  us  that  this  has  not 
been  the  case.  The  lesser  range  appears  to  have  barred  the  paths  of  many  rivers, 
and- having  forced  them  to  converge  inside  the  mountains  has  restricted  the  number 
of  principal  basins  and  exits. 

The  Alaknanda  and  Bhagirathi  have  both  cut  passages  for  themselves  through  the 
great  Himalayan  range,  but  they  imite  within  the  mountains  and  pierce  the  lesser 
Himalayan  and  Siwalik  ranges  in  one  joint  stream,  the  Ganges. 

Three  affluents  of  the  Kali  pass  the  great  Himalayan  range  through  independent 
gorges,  but  unite  within  the  hills. 

One  branch  of  the  Gandak,  the  Kali,  rises  in  the  trough  behind  the  great  Himalayan* 
range ;  two  other  great  branches  rise  behind  the  crest  of  that  range ;  yet  through  the 
outer  ranges  there  is  only  one  outlet  for  the  three. 

One  branch  of  the  Kosi,  the  Arun,  rises  in  the  trough  behind  the  great  Himalayan 
range ;  five  other  principal  branches  rise  in  that  range ;  yet  there  is  but  one  outlet 
through  the  outer  ranges. 

Two  principal  branches  of  the  Manas  rise  behind  the  great  Himalayan  range,  and 
at  least  one  in  that  range  ;  there  is  but  one  outlet. 

In  the  basin  of  the  Kaidak  no  tendency  has  been  observed  for  rivers  to  converge ;  the 
several  branches  flow  independently  and  directly  out  of  the  mountains ;  it  is  however 
in  this  basin  that  the  lesser  Himalayan  and  Siwalik  ranges  are  absent. 


*  We  have  already  described  how  the  Indus  in  Ladak  passes  backwards  and  forwards  three  times  aoross  the 
Ladak  range  ;  it  intersects  it  first  near  Thangra  ;  at  Skardo  it  crosses  back  again  to  its  original  flank  and  trough;^ 
and  at  Bnnji  it  pierces  the  same  range  again. 

t  We  are  referring  here  to  the  outer  parallel  range  of  the  lesser  Himalaya,  that  traveraes  Nepal  and  Kumaun,  and  not. 
to  the  oblique  ranges,  vide  frontispiece  chart  of  Part  1. 
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If  we  compare  the  northern  and  southern  borders  of  the  Tibet  plateau,  the  Kuen 
Lun  and  the  Himalaya,  we  find  that  rivers  do  not  converge  in  the  former  to  the  same 
extent  as  in  the  latter,  that  the  basins  of  the  former  are  narrower,  and  that  the 
number  of  rivers  issuing  from  the  same  length  of  Kuen  Lun  is  three  times  as  great  as 
the  number  from  the  Himalaya. 

The  cause  of  this  difEerence  is  obvious ;  an  outer  Kuen  Lun  range  has  not  dammed 
its  rivers,  as  the  lesser  range  has  done  in  the  Himalaya. 


2  F 
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THE  GLAGIBRSt  OF  HIGH  ASIA. 

Large  and  numerous  as  are  the  existing  glaciers  of  the  Blxnalaya  and  Karakoram, 

they  are  but  the   relics  of  an  older  and  more  extensive 

Former  vast  extensions  of  glaciers.  .         i»    •       /r  rrrt.  *      j.  *  i  r  i      i 

senes  of  ice-nows.  The  ancient  morames,  the  perched 
blocks  and  the  glaciated  surfaces  all  furnish  proofs  that  the  ice  in  former  times  covered 
an  area  in  Asia  immensely  larger  than  at  present. 

On  the  southern  slopes  of  the  Dhauladhar  range  an  old  moraine  was  discovered 
by  the  late  General  McMahon  at  the  extraordinarily  low  altitude  of  4700  feet :  *  and 
on  the  Tibetan  side  of  the  Great  Himalayan  range  the  glaciation  appears  at  one  time 
to  have  been  almost  universal.  No  reliable  observations  have  yet  been  made  in  central 
or  northern  Tibet,  but  in  Ladak,  in  Nari  Khorsam,  and  in  Tsang  the  vast  moraines 
and  the  transported  blocks,  perched  high  on  hill  sides  far  from  their  parent  mass,  are 
indications  of  the  former  existence  in  southern  Tibet  of  an  almost  continuous  ice-sheet, 
and  of  snow-fields  and  glaciers,  such  as  are  now  to  be  found  in  polar  regions  only. 

The  diminution  in  the  extent  of  the  glaciers  of  the  Trans-Himalayan  region  has 
been  ascribed  to  the  growth  of  the  great  range,  which  is  supposed  to  have  slowly  risen 
and  barred  the  passage  of  the  moisture-laden  winds  from  the  south.f  But  this  expla- 
nation cannot  be  regarded  as  complete,  for  the  decrease  in  the  ice  has  been  as  marked 
on  the  southern  flank  of  the  Himalaya  as  on  the  northern. 

Although  the  Himalayan  glaciers  were  at  one  time  far  more  numerous  and  extensive 

than  at  present,  their  diminution  does  not  appear  to  have 

Secular  changes  in  glaaers.  -^  ^^ 

progressed  continuously.  The  process  of  contraction  seems 
to  have  been  interrupted  at  times,  and  the  ice  has  at  intervals  spread  again  over 
areas,  from  which  it  had  previously  retreated. 

Evidence  of  three  separate  periods  of  glacial  extension  has  been  discovered  by 
Oldham  in  Kashmir,^  and  similar  oscillations  have  been  observed  by  Huntington  in 
the  Pangong  valley  of  Ladak. 

A  complete  study  of  Himalayan  glaciers  has  long  been  recognised  as  desirable, 
and  numerous  references  to  the  subject  will  be  found  in  the  writings  of  Hooker,  Drew, 
Godwin- Austen  and  others,  and  in  the  records  and  memoirs  of  the  Geological  Survey ;  § 
but  it  has  only  recently  become  possible  for  Indian  geologists  to  conmience  systematic 
observations.  During  the  summer  of  1906,  certain  glaciers  in  Kumaun,  Lahaul  and 


•  Records,  Geological  Survey  of  India,  Vol.  XV  (1882),  p.  49. 
t  A  Manual  of  the  Oeology  of  India,  2nd  Edition,  page  486. 
%  Records,  Geological  Survey  of  India,  Vol.  XXXI,  pt.  3. 
§  Hooker*8  Himalayan  Journals,  Vol.  II,  p.  7. 

Journal,  Asiatic  Society  of  Bengal,  VoL  XL,  pt.  2,  p.  393 :  Vol.  XLIV,  pt.  2,  p.  209 :  Vol  XLVI,  pt.  2,  p.  1. 

Memoirs,  Geological  Survey  of  India,  Vol.  Ill,  pt.  2,  p.  155 :  Vol.  XIV,  p.  116. 

Records,  Geological  Survey  of  India,  Vol.  VII,  p.  86 :  VoL  X,  pp.  123,  140. 

Drew*s  Jummoo  and  Kashmir  territories 
Quarterly  Journal,  Geological  Society,  Vol.  XXIX,  pp.  441,  466 :  VoL  VII,  p   310. 
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,KMhmir  ^W4)re  ^oim&t^e^  mA  4Jbe  ,fimtMBB  el  their  jwoute  acouratoly  .di^termined  ; 
jtii0»  iaeanivesMiitB  ivriU  >&a»pa  ra  baeift  ileor  iSulMieQueoit  Axrod^  «ud  ;will  eQaJ:de  i0J4u;e 
dbMBraxB  to  useertotiiu  wrhetbeor  rthe  ^glaciiSiB  ^are  advancing  or  latceati^g.''' 

jiFor  maffity  jreais  tsjf^feamatic  ^ofasei^i^trioiiis  ha  vis  bee^  jooiade  ja  £!iu:ope,  a^id  >alixioat 
tevery  cgtaoiw  hms  beeu  ifioimd  jfeo  <h^  iretaseali^. 

Joi  ifl»  STml  Shan  3xi0oaQ(tadn0,  ion  the  otihear  han^  thoi^e  is  but  oae  glaoier  Qi4y:,  the 
Mushketoff,  which  itbows  cogns  of  sacent  Mtnoatt 

iibi  tihie  oaae  trf  it&e  fliibiaala^rim  glaakars  ihe  pvesetU  dipeotion  of  fieoular  meiiresnent 
iiOB  /DBVier  7«t  tbeen  <detor]acdDjed»  but  um>  far  as  we  are  able  to  jttdgefroia  tibe  nKcfhamoail 
jcoiods  kcfjb  4>j  .the  ioe  itoeH  and  r&om  boal  rtcaditione,  no  general  xule  obliainfii,  naueih  ^bb 
iboB  ihwan  obaeirved  lo  hold  tm  ithe  A}p0.  Certain  Hiioakyan  gbucaers  %pip6ar  new  to  >be 
^setoeatmg,  oJhbecB  ahow  signs  of  advaniic^,  and  others  «gain  seem  to  have  remained 
fitoriaonafly  tfora  tKnuddarable  .pmed. 

In  Hunza-Nagar  two  glacimB  loe  jmown,  which  have  advanoed  rrapidiy  of  mtceiit 
i^eaffs,  land  wfaich  ^av^  spread  ovFeo:  fields  ^nd  stofiped  aultxYatien4  On  the  /other 
hflJBd,  the  fsnoxt  lof  4ke  Milam  iglaeier  in  Kumaun  is  jretreating :  the  Pandit  Eishen 
fimgh-''Hd)e .  A-iK  of  Tibetan  •exploralion'^-HBtateB  that  the  'glacier  at  Milam  lias  receded 
100 (paces  in  his  lifetiine  of  ®5  yeaw.  "  The  tradition  of  my  iTilkge/'  he  writes,  "aruns 
^*  that  the  glacier  at  one  time  desoended  almost  to  within  ^a  line  with  our  houses,  btit 
"it  lis  now  aniile  above  them. " 

*t  will  be  many  years  before  we  shall  be  able  to  generalize  upon  the  direction 
of  the  secular  movement  of  the  Himalayan  glaciers.  It  is  difficult  to  arrange  for 
surveys  to  be  made  of  all  large  glaciers,  and  travellers  will  be  able  to  render 
assistance  of  great  value,  if  tthey  ^will  but  take  detailed  observatioi^s  of  the  present 
positions  of  the  snouts,  that  they  visit.  Co-operation  such  as  this  will  be  necessary  to 
render  our  records  complete. 

The  direction  and  rate  of  secular  movement  are  perhaps  the  most  important  points 
Seascmaivariatioiisand  tabordiiiate    ^^^   investigation.    But    other   observations   of   interest 
phenomeqa.  ^Lie  required.    The   seasonal   variations   in   the   lengths 

of  glaciers  and  the  relations  of  these  variations  to  meteorological  conditions  will  have 
to  be  observed.  The  nature  of  the  ice,  the  position  and  movements  of  the  *  dirt-hands,' 
the  lamination,  the  directions  of^cracks  and;creva8ses,  and  the  rates  of  abrasion  of  the 
bed  of  the  glacier,  'both  in  solid  rock  and  in  unconsolidated  moraine,  are  all  objects 
worthy  of  <the  attention  of  observers. 

The  Tate  of  flow  of  the  ice  has  also  to  be  determined :  this  will  vary  with  the  gradient 
of  the  bed.  A  transverse  glacier, — that  is  a  glacier  which  flows  down  a  valley  at  right 
angles  to  a  range — ^is  more  likely  to  have  a  steep  slope  than  a  longitudinal  glacier,  or 
one  oeoupying  a  trough  between  rtwo  ranges 


♦  Oenetal  RepoH,  Qeclogieal  Survey  of  India,  1966,  by  T.  -H.  "Holland,  F/RS.,  Diiootor,  and  Records,  Geological  Survey 
of  India,  VoL  XXXV. 

t  Merzbacher*8  Central  Tian-Shan  MowiUaina,  p.  192. 
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The  longitudinal  glaciers  of  tlie  Karakoram  are  the  greatest  ice-flows  of  the  worlds 
outside  polar  regions :  their  gradients  are  gentler  than  those  of  the  transverse  glaciers. 
Their  snouts  too  are  generally  situated  at  higher  altitudes  than  those  of  the  transverse 
glaciers :  the  great  longitudinal  glacier  in  Hunza-Nagar,  known  as  the  Hispar,  termi- 
nates at  an  elevation  of  10500  feet  above  sea^level,  whilst  the  transverse  glaciers  on 
the  slopes  of  Rakaposhi  descend  below  8000  feet ;  the  steepness  of  the  gradients  on 
Rakaposhi  allows  the  ice  to  reach  lower  altitudes,  before  being  melted. 

For  the  determination  of  secular  movements,  longitudinal  glaciers  like  the  Hispar, 
Biafo,  Baltoro  and  Chogo  Lungma  are,  perhaps,  more  suitable  for  observation  than  the 
transverse.  When  the  snowfall  has  been  abnormally  heavy  or  light  for  one  or  more  seasons, 
the  lengths  of  the  transverse  glaciers  are  apt  to  be  temporarily  affected,  and  observations 
confined  to  a  few  years  lead  th^i  to  erroneous  conclusions.  If,  however,  observations 
are  extended  over  long  periods,  there  should  be  no  difficulty  in  disentangling  the  effects 
of  secular  movement  from  those  of  seasonal  variation. 

A  great  number  of  the  glaciers  of  the  Himalaya  and  Tibet  have  been  roughly  surveyed 

and  the  altitudes  of  their  snouts  determined,  but  it  would 
be  no  more  possible  to  classify  or  enumerate  them 
than  it  would  be  to  classify  or  enumerate  the  rivulets.  Glaciers  abound  at  the  source 
of  every  great  river  and  throughout  the  mountain  ranges. 

The  following  glaciers  of  High  Asia  are  known  to  exceed  twenty  miles  in  lengtih : — 


The  prindi>al  glaciers  of  High  Asia. 


Table 

XXXVI. 

Name  of  glacier. 

Length. 

Begicm. 

Position. 

Inylchek 

44  miles 

Tian  Shan 

•          .          • 

Biafo      .... 

39  miles 

Karakoram  ^ 
Karakoram  j 

Parallel  to   the   Indus     in   the 

Hispar    .... 

25  miles 

trough  between  the  Karakoram 

and  Kailas  ranges. 

Baltoro 

86  mile^ 

Karakoram 

In  the  trough  between  K^  and 
Masherbrumon  the  summit  of  j 
the  Karakoram  range. 

Koikaf 

Similes 

Tian  Shan 

•         •         . 

Chc^  Ltingma 

24  miles 

Karakoram 

Parallel  to  the  Biafo  and  13 
miles  south;  parallel  also  to 
the  Indus. 

Gasherbnim     . 

21  miles 

Karakoram 

South  of  Gasherbrum  peaks. 

Saichar  Qhainri 

21  miles 

Karakoram 

At  the  source  of  the  Nubra. 

Semenoff          . 

20  miles 

Tian  Shan 

•         .         • 

No  glacier  of  the  Himalaya  attains  a  length  of  20  miles  :  the  Kupal  glacier  near 
Nanga  Parbat  was  described  by  one  observer  as  descending  to  the  village  of  Tashing 
and  as  being  22  miles  long,  but  this  account  is  known  to  have  been  inaccurate. 

The  maps  of  the  Survey  of  India  show  the  Bupal  glacier  to  be  ten  miles  in 
length,  and  they  represent  other  glaciers  entering  the  Bupal  river  from  lateral  vaUeys 
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'bettoeen  the  snout  of  the  principal  glacier  and  Tashing  village.  In  the  depths  of  winter 
these  several  glaciers  are  buried  under  a  continuous  mantle  of  snow,  but  at  the  periods 
^f  survey  they  were  apparently  unconnected. 

The  following  table  contains  a  list  of  the  best-known  glaciers  of  High  Asia.'*' 

Table  XXXVII. 


Region. 


Sikkim  Himalaya  f 


Najne  of  glacier. 


Zemu 

Einchinjmiga 

Yalung 


Length. 


16  miles 
13  miles 
10  miles 


River  into  which  it  drains. 


Tista. 

Tambar. 

Tambar. 


Nepal  Himalaya    . 


No  positive  information.  Structural  troughs  may  exist  in  the  crest- 
zone  of  the  Nepal  Himalaya,  but  they  are  at  present  quite  unknown. 
Many  deep  ravines  and  notches  have  been  cut  by  riveis  across  the 
Himalayan  crest,  and  it  is  a  question  whether  the  sections  of  the 
range  intervening  between  them,  are  sufficiently  long  and  suffi- 
ciently intact  to  hold  glaciers  rivalling  the  Biafo.  It  is  well 
known  that  glaciers  extend  over  large  areas  on  the  slopes  of 
Everest  and  Makalu. 


Eumaun  Himalaya  % 


Punjab  Himalaya  § 


Milam 

Bound  north  base 

of  Nanda  Devi. 
Bound  south  base 

of  Nanda  Devi. 
Satopanth 

Bagini 
Eosa 
Mana 
Eedamath 
Gangotri  . 


12  miles 
12  miles 

12  miles 

7  miles 

10  miles 
7  miles 

12  miles 
9  miles 

16  miles 


Oori  (EaU). 
Dhauli  (Alaknanda). 

Dhauli  (Alaknanda). 

Vishnuganga  at  Badrinath. 

Dhauli  (Alaknanda). 
Dhauli  (Alaknanda). 
Jahnavi  (Bhagirathi). 
Bhagirathi. 
Bhagirathi  at  6au  Mukh. 


Bupal  (northern) 
Bupal  (southern) 

10  miles 

11  miles 

} 

Phungatori 
Bakiot 

9  miles 
8  miles 

} 

Diamir 

7  miles 

Gauri 

7  miles 

r 

} 

Shafut 

Smiles 

Barmal     . 

8  miles 

Are  cutting  NangaParbat  off 

from  the  great  Himalaya  and 

draining  Into  the  Indus. 
Drain  into  the  Indus  from  the 

northern    slopes  of    Nanga 

Parbat. 
Drains  into  the  Indus  from  the 

western   slopes     of    Nanga 

Parbat. 
From  the  Nun  Eun  peaks  into 

the  Sum. 
Wardwan. 


*  The  list  is  not  complete :  the  information  upon  which  it  is  based  is  defective. 
t  Bound  Kangchenjungat  by  Douglas  BVeshfield,  North-East  Trans-Frontier  Sheet,  7  N.  W. 
t  Atlas  Sheets  05  and  66  N.  E.  and  66  N.  W.     Kumaun  and  Garhwal  Survey,  Sheets  12  and  20. 
I  Atlas  Sheets  46  and  46  S.  W. :  Northern  Trans-Frontier  Sheet  3  N.  E.  :  Map  of  Kangra.    The  glaciers  in  Kulu  are 
rneyer  5  miles  in  length,  and  those  of  Spitl  are  smaller. 
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Table  XSXYil-r-contd. 


R^ioD. 

Name  joi  glaoier. 

Length. 

Biver  into  whicK  it  djcajns. 

Punjab  Himalaya 

Rundun    . 

• 

12  miles 

Suru. 

1 

Dnrung 

14  miles 

Suru. 

£ungi 

11  miles 

Zaskar. 

Hagshu 

9  miles 

Zaskar. 

1 

Mimi 

11  miles 

Zaskar. 

Gowra 

Smiles 

Zaskar. 

Bern 

10  miles 

Zaskar. 

Piool 

Smiles 

Wardwan. 

Brama 

10  miles 

Wardwan* 

Tuan 

10  miles 
9  miles 

Chandra  Bhaga. 
Chandra  Bhaga. 

1 

Sisu 

7  miles 

Chandra. 

1 

Sonapani  . 

'           7  miles 
10  miles 

Chandra* 
Chandrfl. 

Nilang 

7  miles 

Bhaga. 

Nela 

10  miles 

Sutlej* 

I 

Nithal      . 

10  miles 

Sutlej. 

Tiasser  Himalaya  (Pmiiab) 

1 
Sha  ...  1            6  miles 

Into  the  Bara  Bangahal  basin 

and  thence  into  the  Bavi. 

Karakoram* 

Biafo 

39  miles 

Braldo. 

Hispar 

25  miles 

Hunza. 

Baltoro 

36  miles 

Braldo. 

Gasherbnim 

21  miles 

Shyok. 

I 

ChogoLungma  . 

24  miles 

Shigar. 

Remo 

15  miles 

Shyok. 

Saichar  Ghainri  . 

21  miles 

Nubra. 

1 
1 

t 

From  Bakaposhi 

11  miles 

Hunza. 

Malungatti 

22  miles 

Hunza. 

Barpu 

19  miles 

Himza. 

Batura 

20  miles 

Hunza. 

Pasu 

14  miles 

Hunza. 

Daintar     . 

13  miles 

Hunza. 

Hindu  Kush  f 

1 
Kurkulti    .         .  1          10  miles 

Hunza. 

Wasmu 

7  miles 

Kunar. 

Bich 

10  miles 

Kunar. 

Sakiz  Jarab 

19  miles 

Kunar. 

•■ 

Sad  Ishtragh 

8  miles 

Kunar. 

Tirich  Mir 

14  miles 

Kunar. 

*  Bollock  Workman's  In  the  lee  World  of  Himaiaya^  p.  110.    Map  of  Tnrkistaa,  Atlas  Sheet  41a  S.E.,  Northern 

Trans-Frontier  Sheet  2  S.E. 

t  Northern  Trans-Frontier  Sheet  No.  2,  and  North-West  Trans-Frontidr  Sheet  No.  20. 
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Table  XXXVII— oonfti. 


legion. 

Name  of  glacier. 

Length. 

Euen  Lnn                                

Nissa 

10  miles. 

Kashgar  Range* 

Yambnlak 
Kocb  Koicbe 
Koksei     • 

6  miles. 
9  miles. 
9  miles. 

TianRhm 

Inylehek 
Eoikaf     . 
SemenofE 
JiparKk  . 
Mushketofi 
Sabavchy 

44  miles. 
31  miles. 
20  miles. 
16  miles. 

13  miles. 

14  miles. 

Altitudes  to  which  glaciers  descend. 


Many  traTellers  have  remarked  upon  the  dirty  coloming  of  the  HimalaTaa  glaciers 
and'  have  IsLmented  the  absence  of  the  beautiful  blue-green  hues  of  Norway  and  Switzer^ 
land.  The  discolouration  of  bikkw  and  ice  in  the  Himalaya  is  due  to  dust  whidi  is 
brought  by  wind  in  immense  volumes  from  India,  Baluchistan  and  Persia,  and' 
deposited  upon  the  mountains  of  Tibet. 

In  Sikkim,  Kumaun  and  Spiti  tli^o  glaciers  of  our  time  rarely  descend  to  11000  feet : 

indeed  it  may  be  questioned  whether  any  instance  of  a 
descent  to  11000  feet  has  been  discovered  in  those* 
regions;  But  in  the  Karakoram  the  glaoi^rd  frequently  descend  to  10000  feet.  This 
^fierence  is  without  doubt  partially  due  to  the  higher  latitude  of  the  Karakoram, 
bttt  other  causes  for  it  exist,  and  these  may  possibly  be  producing  even  greater  effects 
than  the  difference  in  latitude.  The  great  peaks  and  high  snow-clad  ridges  rise  from 
the  glaciers  more  abruptly  in  the  Karakoram  than  in  the  Himalaya,  and  the  horizontal 
distances  between  the  valleys  and  the  snow-fields  which  feed  them  from  either  side, 
are  less ;  the  slopes  are  consequently  steeper  and  the  glaciers  are  able  to  descend  to 
lowctr  altitiides,  before  theic  ice  is  melted* 

The  longitudinal  glaciers  of  the  Karakoram  flow,  it  is  true,  down  gentle  gradients, 
and  at  lOOOO  feet  portions  of  their  ice  are  still  surviving  the  attacks  of  heat.  It  is 
because  they  possess  such  inmiense  volumes  of  ice,  that  these  glaciers  are  able  to  reach 
low  altitudes. 

Between  the  valley  of  the  Sutlej  in  Kanawar  and  the  Nun  Kun  peaks  in  Kashtnir, 

the  glaciers  are  few  and  small,  but  those  on  the  northern 
slopes  of  the  ranges  are  invariably  more  extensive  than 
those  on  the  southern.  In  the  Punjab  Himalaya  several 
glaciers  of  the  northern  slopes  exceed  1 1  miles  in  length,  and  some  exceed  12  ;  but  the 
largest  glacier  of  the  southern  slopes  has  a  length  of  10  miles,  although  the  snowfall  south 
of  the  crest  is  known  to  be  greater  than  that  to  the  north:  Similar  differences  indeed 
are  to  be  observed  throughout  the  Himalaya.  They  are  probably  due  to  the  greater 
amount  of  sol^^r  heat  received  by  the  southern  slopes. 


Differences    between     glaciers 
northern  and  southern  slopes. 


on 


*  Stein's  Map. 
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THE  LAKES  OF  TIBET  AND  TURKISTAN. 


If  we  examine  chart  xtttt,  which  illustrates  the  basins  of  the  great  rivers  that 
drain  the  plateaux  of  Asia,  we  find  that  in  addition  to  the  low-lying  self-contained 
basin  of  Tarim,  there  is  beside  it  a  very  large  high-level  basin  in  Tibet,  which  possesses 
no  outlet  for  drainage. 

Throughout  the  Tian  Shan,  the  Pamirs  and  the  Himalaya  there  are  inland  basins 
without  outlets,  but  no  one  of  them  approaches  in  size  the  lake-basin  of  Tibet,  or  is 
indeed  large  enough  to  be  shown  on  such  a  small  scale  as  that  of  chart  xxm. 

Though  the  Tibet  lake-basin  is  very  extensive  and  is  studded  throughout  with  lakes, 
it  contains  no  single  lake  that  will  compare  in  area  with  the  great  lakes  of  the  world. 

The  area  of  lake  Superior  in  America  is  30000  square  miles ;  the  area  of  the  Sea  of 
Aral  is  25000  square  miles ;  the  areas  of  the  Asiatic  lakes  Balkash  and  Baikal  are 
respectively  9000  and  10000  square  miles. 

The  largest  lake  enclosed  among  the  high  mountains  of  Asia  is  Issik  Kul  in  the 
Tian  Shan,  area  2000  square  miles.  The  largest  lake  of  Tibet  is  Koko  Nor,  area 
1630  square  miles.* 

In  the  following  tables  are  given  the  heights,  areas,  lengths,  and  (when  available)^ 
the  depths  of  the  principal  lakes  of  Tibet  and  Turkistan.  Many  hundreds  of  lakes  have 
been  discovered  by  explorers  in  High  Asia,  but  the  greater  number  possess  areas  of  ten 
or  fifteen  square  miles  only,  and  have  been  excluded  from  the  lists.  The  names  of 
small  lakes  have,  however,  been  included  for  those  regions  in  which  no  large  lakes 
exist.    In  the  Karakoram  and  Hindu  Kush  there  are  no  lakes  of  importance. 

Table  XXXVIII. — The  principal  Lakes  in  the  Mountain  regions  surrounding  Tibet*. 


Region 

Name. 

Area  in  sqaare 
miles. 

2000 
200 
102 

82 

Maximum  length 
inmilee. 

Altitude  above 
the  sea  in  feet. 

Maximum 
depth  in  feet. 

TiAN  8han. 

Issik  Kul 
Sairam  Nor    . 
SonKtil    .     . 
ChadirKul    . 

115 
20 
19 
14 

5300 

5900 

9400 

11195 

•  • 

•  • 

•  • 

Tarim  Basin. 

Baghiash  Kul 
Lob  Nor  (northern) 
Lob  Nor  (southern) 
Baba  Kul,  No.  1      . 
Baba  Kul,  No.  2  . 

630 
150 
220 
120 
80 

60 
65 
26 

•  • 

3400 
2600 
2590 

•  . 

•  r 

•  • 
31 
14 

•  • 

•  • 

«                                               1 

*Aa  we  pointed  out  on  page  126  Koko  Nor  is  situated  on  the  Tibet  plateau,  but  not  in  the  Tibet  lake-basin. 


THE  RIVERS  OP  THE  HIMALAYA  AND  TIBET. 


19^ 


Table  XXXVIII. — The  principal  Lakes  in  the  Mountain  regions  surrounding  Tibet. 


Region. 

Name. 

Area  in  square 
miles. 

MMimnm  length 
in  miles. 

Altitude  above 
the  sea  in  feet. 

Maximum 
depth  in  f eetw 

Pamir  region. 

Gieat  Kara  Eul  . 

140 

14 

13430 

756 

Bang  Eul 

61 

20 

12700 

6 

Yeshil  Eul 

30 

15 

12460 

Very  deep. 

•» 

Sir-i-Eul        (Lake 

Victoria)    . 

30 

14 

13398 

•  • 

Little  Eara  Eul    . 

10 

4 

12201 

79 

Chakmaktin 

8 

5 

13021 

•  • 

KUEN  LUN 

AigEumEul 

250 

38 

11710 

•  • 

Mountains.     Achik  Eul 

1 

240 

26 

•     • 

•  • 

Punjab  Hima- 

Tso Morari 

46 

16 

• 

15000 

250 

laya  :     (on 

Tso  Eyagar 

•  • 

•  . 

15690 

67 

the    Tibetan 

Tso  Ear  . 

•  • 

•  • 

15684 

•     • 

side    of    the 

crest-Une). 

11 

1 

Punjab  Hima- 

Wular 

u 

5187 

14 

laya  :      (on 

Dal     .         .         . 

8 

4 

5200 

15 

the      Indian 

side    of   the 

crest-line). 

•     • 

KuMAUN  Hima- 

NainiTal    . 

•  • 

6400 

•  . 

laya. 

(A  group  of  small 

lakes.) 

Nepal   Hima- 

Palgu Tso 

40 

10 

15000 

.  . 

laya  :      (on 

Tso  Motretung* 

40 

15 

14000 

•  • 

the    Tibetan 

side    of   the 

crest-line). 

Nepal  Hima- 

Ehewan  Tal 

6 

3 

•  • 

•  • 

LAYA :       (on 

Damodur  Eund     . 

2 

2 

•  • 

•  • 

the      Indian 

Gum  Chu 

5 

3 

•  • 

•  • 

side    of    the 

Dudh  Eund 

5 

3 

•  • 

•  • 

crest -line). 
Assam  Hima- 

TsoTigu    .     .     . 

51 

14 

15500 

•  • 

LAYA :       (on 

Tso  Phomo  Chang 

20 

17 

16050 

•  • 

the   Tibetan 

Tso  Rombudsa 

20 

9 

•  • 

•  • 

side   of    the 

crest-line). 

1 

*  Formerly  called  diomto  Dong  in  the  reports  and  maps  of  the  Survtiy. 
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Table  XXXIX.— The  principal  Lakes  of  libet. 


Name. 

Area  in  square 
miles. 

Maximum  tength 
in  miles. 

Altitude  above 
the  sea  in  feet. 

Maximnm 
depth  in  feet. 

KokoNor          .        .        .        . 

1630 

67 

10700 

•  • 

Nam  Tbo 

■ 

950 

53 

15190 

•  • 

Zilling  Tso 
Dangia  Yum  Tso 
Yamdcok  Tso  . 

m 
• 

720 
540 
340 

45 
45 
44 

14000 
16580 
14350 

•  • 

Montcalm 

> 

300 

48 

16273 

•  • 

Kyaring  Tso 
Kara  Nor 

• 

1 

290 
250 

41 

26 

15840 

•  • 

•  • 

•  • 

Nganzi  Tso 

OnngNor 

Naktsong 

Fangong 

Tsaring  Nor 

TossmiNor 

» 
• 
• 
• 
• 
* 

250 
250 
230 
230 
220 
190 

26 
26 
20 
98 
26 
36 

13704 

13930 
13704 

•  • 

•  • 

•  • 

142 

•  • 

•  • 

Dara  Tso 

» 

180 

23 

•  • 

•  • 

Bum  Tso 

■ 

140 

30 

15000 

•  • 

Mokieu  Tso 

• 

140 

27 

•    a 

•  • 

Addan  Tso 

• 

140 

24 

•    • 

•  • 

Maaaslhrowar 

• 

133 

16 

14900 

•  • 

Shemen  Tso 

■ 

120 

22 

15500 

•  • 

Rakas  Tal 

• 

100 

19 

14850 

•  • 

Nam  Tso  is,  perhaps,  better  known  to  geographers  as  Tengri  Nor. 

Yamdrok  is  the  famous  ring  lake  formerly  known  in  geography  as  Palti,*  shown 
first  on  D'Anville  's  map ;  it  is  now  known  that  the  water  of  the  lake  does  not  surround 
the  Tungchen  mountain  entirely ;  the  mass  of  the  latter  is  connected  with  the  mainland 
by  two  isthmuses. 

Table  xxxix  contains  a  list  of  all  the  known  Tibetan  lakes  that  exceed  100  square 
miles  in  area.  The  list  is  doubtless  incomplete  and  inaccurate  ;  there  may  exist  in  Tibet 
a  vast  number  of  lakes  that  have  not  as  yet  been  discovered,  and  the  dimensions  evea 
of  those  lakes  that  are  entered  in  the  table  must  be  regarded  as  first  approximations  only. 

Many  of  the  lakes  of  this  table,  such  as  Yamdrok,  Manasarowar  and  Koko  Nor, 
though  situated  in  Tibet,  lie  outside  the  Tibet  lake-basin. 

In  addition  to  the  lakes  enumerated  in  table  xxxix  there  are  in  Tibet  numerous 
smaller  lakes  of  which  the  Survey  of  India  possesses  measurements. 

The  area  hnotvn  to  be  under  water  in  Tibet  is  14000  square  miles ;  the  actual 
area  under  water  is  considerably  larger  than  this. 


*  41bo  oalled  Piahte  and  Pede.    For  Ryder's  note  on  this  lake  see  Otfieral  Report,  Survey  oj  India,  1903-04»  Appendix, 
p.  xvii ;  see  also  his  map,  Oeograf^ical  Journal,  Vol.  XXVi. 
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The  principal  extinct  lake  of  Tibet  is  the  Tsaidam  depression ;  it  is  300  miles  long^ 
and  its  trough^is  100  miles  broad,  and  40  miles^broad  on  the  flat ;  it  possesses  an  area  of 
12000  square  miles  of  salt  desert  at  an  elevation  of  9000  feet.  It  is  a  long  flat  basin 
filled  up  with  detritus. 

It  is  interesting  to  note  that  throughout  the  continent  of  Asia,  there  is  no 
water-parting  line  between  the  Ii^dian  and  the  Arctic  oceans  ;  instead  of  an  elevated  line 
crossing  the  central  portion  of  the  continent  from  east  to  west  there  is  a  succession  of 
closed  basins  :  —the  Tibet  lake-basin,  the  Tarim  basin,  the  basin  of  Lake  Bsjk^sh,  the 
basin  of  the  Helmand,  the  Aral  basin,  and  the  Caspian. 

No  range  of  mountains  can  be  found — ^not  even  a  single  peak — ^from  which  the 
water  flows  on  one  side  into  the  Indian  Ocean  and  on  the  other  into  the  Arctic.  The 
absence  of  a  continental  divide  is  probably  due  to  the  great  distance  and  to  the  mountain 
barriers,  which  intervene  between  Central  Asia  and  the  sea.  If  the  moisture-laden 
winds  from  the  Arctic,  Pacific  and  Indian  Oceans  could  penetrate  and  give  heavy  rains 
to  Central  Asia,  the  volumes  of  the  Tarim,  Helmand,  Oxus  and  Jaxartes  would  be 
increased,  and  outlets  to  the  sea  would  be  forced. 


2  a  2 
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ON  THE  OKIGIN  OF  LAKES. 

Until  comparatively  recently  the  origin  of  the  lakes  of  Tibet  was  ascribed  to  the 

damming  of  river  valleys  by  the  talus  fans  of  their  tri- 

The  Tibetan  Lakes.  .      ®         .  .  . 

butaries ;  this  hypothesis,  which  was  put  forward  by 
Mr.  Drew  *  to  explain  the  origin  of  such  lakes  as  Pangong  and  Tso  Morari  in  Ladak, 
and  has  even  been  extended  to  the  valley  of  Kashmir,  was  based  on  the  fact  that  in 
all  cases  the  visible  barriers  of  the  lakes  are  composed  of  detrital  matter.  It  was, 
however,  pointed  out  by  Mr.  R.  D.  Oldham  that,  under  normal  circumstances,  a  main 
stream  would  in  all  probability  be  able  to  keep  its  channel  open  and  that  unless  supple- 
mented by  other  causes  the  mere  deposition  of  talus  could  hardly  be  considered 
adequate.  If,  however,  elevation  of  the  river-bed  were  to  take  place  at  a  rate  greater 
than  the  rate  of  erosion  of  the  river,  a  barrier  would  be  formed  and  eventually  a  talus 
dam  would  accumulate  across  the  valley.f 

That  certain  lakes  in  Tibet  have  been  formed  in  the  manner  suggested  by 
Mr.  Oldham,  seems  to  us  probable,  and  the  curious  reversal  of  drainage  recorded  by  the 
writer  at  the  head  of  the  Rong  Valley  in  Central  Tibet  seems  only  capable  of  explana- 
tion on  the  assumption  of  a  rise  of  the  valley-bottom  near  the  former  outlet  of  Yam- 
drok  Tso,J  but  it  is  doubtful  whether  this  or  indeed  any  other  hypothesis  can  be 
of  general  application. 

In  some  cases,  as  for  instance  in  that  of  Kala  Tso,  a  lake  would  appear  to  have 
been  clearly  caused  by  the  damminsr  of  a  valley  by  extensive  moraine  material  brought 
down  by  a  glacier  from  the  neighbounna  mountains,  and  it  is  probable  that  in  many 
cases  the  lake  dams  must  be  attributed  to  glaciers  rather  than  to  rivers. 

By  a  slight  modification  of  Mr.  Drew's  hypothesis  it  seems,  however,  that  the 
origin  of  many  of  the  Tibetan  lakes  might  be  explained  without  the  necessity  for  as- 
suming concomitant  crustal  movement.  It  has  been  objected  by  Mr.  Oldham  that 
a  river  would  most  probably  be  able  to  keep  its  channel  open  in  spite  of  the  material 
brought  down  by  its  tributaries.  One  of  the  most  marked  features  in  connection 
with  the  development  and  growth  of  a  river  system  is  the  tendency  of  certain  branches 
to  grow  at  the  expense  of  others  by  cutting  into  or  "  capturing  "  their  drainage  areas 
and  even  by  actually  tapping  a  neighbouring  tributary  at  some  point  in  its  course; 
this  latter  process  is  known  as  "beheading."  If,  therefore,  either  owing  to  the  behead- 
ing of  the  main  stream  or  to  its  own  vigorous  growth  by  capture,  a  tributary  were 
to  become  the  predominant  affluent  of  a  river  system,  then  owing  to  its  increase  of 
volume  and  consequent  increase  of  transporting  power  the  amount  of  material  brought 

♦  Jumtnoo  and,  Kashmir  territorUs, 

t  Records,  Geological  Survey  of  India,  Vol.  XXI  (1888),  p.  156. 

1  H.  H.  Hayden :  Memoirs,  Oeological  Survey  of  India^  VoL  XXXVI,  pt.  2. 
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•down  by  it  would  be  correspoiidingly  increased.  If  at  the  point  where  it  debouched 
into  what  was  formerly  the  main  valley,  the  latter  were  broad  and  open,  its  rate  of 
'flow  would  be  checked  and  the  transported  material  might  thus  be  deposited  to  form 
a  dam  across  the  valley.  Such  might  indeed  have  been  the  origin  of  Tso  Morari  in 
Hupshu,  the  formation  of  which  has  been  ascribed  by  Mr.  Oldham  to  an  elevation 
•of  the  river-bed  at  a  point  below  the  present  dam.  This  principle,  however,  would 
not  apparently  be  applicable  to  Pangong.  Here  a  long  and  narrow  valley  holds  a 
series  of  lakes,  which  were  ascribed  by  Mr.  Drew  to  dams  built  up  by  tributary  streams  ; 
this  hypothesis  has  been  rejected  not  only  by  Mr.  Oldham,  but  also  more  recently  by 
Mr.  Ellsworth  Huntington  *  who  regards  the  valley  as  a  true  rock-basin  carved 
out  by  a  glacier.  Such  lakes  are  not  uncommon  in  other  parts  of  the  world,  but,  with 
the  exception  of  the  small  lakes  in  the  Kumaun  Himalaya,  none  of  those  in  the  Hima- 
laya or  Tibet  have  been  hitherto  attributed  to  this  cause. 

Thus  for  the  mode  of  origin  of  the  Tibetan  lakes,  three  hypotheses  have  been  put 

iorward  : 

(1)  the  damming  of  the  main  valley  by  the  fans  of  tributaries  (Drew) ; 

(2)  rise  of  the  river-bed  and  consequent  deposition  of  material  above  the  bar- 

rier so   formed   (Oldham) ; 

(3)  the  filling  of  a  rock-basin  previously  scooped  out  by  a  glacier  (Huntington). 
The  further  suggestion,  now  made  by  us,  that  the  damiming  of  the  main  valley 

may  have  taken  place  owing  to  its  conversion  into  a  tributary  valley  may  be  regarded 
as  a  modification  of  Mr.  Drew's  hypothesis,  and  if  we  add  to  this  the  damming  of  tri- 
butary valleys  by  moraines  of  glaciers  occupying  the  main  valley,  we  shall  probably 
have  included  all  the  causes  at  work  to  form  the  more  important  lakes  of  Tibet.  But 
w^e  are  not  disposed  to  think  that  any  single  theory  can  be  of  universal  application  : 
thus  Kala  Tso  may  be  regarded  as  a  type  of  the  first  hypothesis  (with  its  corollaries), 
Yamdrok  Tso  of  the  second  and,  according  to    Mr.  Huntington,  Pangong  is  a  type 

of  the  third. 

We  have  not  yet  referred  to  the  innumerable  tarns  found   throughout  the  higher 

still  glaciated  valleys ;  these,  however,  offer  no  difficul- 

Gladal  Tarns.  ^  ^     ?  j  ? 

ties  ;  they  are,  in  almost  every  instance,  merely  ponds, 
each  caused  by  the  damming  up  of  its  valley  by  the  terminal  moraine  of  a  retreating 

glacier. 

Turning  now  from  the  Tibetan  uplands  to  the  lower  valleys  of  the  Himalaya, 

we   find   in     Kumaun,   nestling   among  the   forest-clad 

The  Kumaun  Lakes.  °  ,  .    . 

hills,  a  small  group  of  lakes  of  which  Naini  Tal  and  Bhim 
Tal  are  the  best  known.  Their  size  is  insignificant,  but  they  are  of  interest  owing 
to  the  rarity  of  such  lakes  in  the  Himalaya.  Many  theories  have  been  propounded 
to  explain  their  origin ;  they  have  been  ascribed  to  glaciers,  to  landslips,  such  as  that 
which  caused  the  formation  of  the  famous  Gohna  lake  in  1894,t  to  faulting  or  other 

•  *'  Pangoni; :  a  glacial  lake  ":  Journal  of  Geology,  Vol  XIV  (lOOG),  p.  699. 

t  T.  H.  Holland:  Records,  Geological  Survey  of  India.  Vol.  XXVII  (1894),  pt.  2. 
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earth  movements  and  lastly  to  removal,  by  solution,  of  the  undexlying  rock.  The 
first  of  these  theories  has  now  been  generally  discarded ;  the  second  applies  to  Khurpa 
Tal  and  o&er  small  lakes  near  Naini  Tal ;  but  the  origin  of  Naini  Tal  itself  still  remains^ 
uncertain  and  may  be  due  either  to  the  elevation,  by  sudden  faulting  or  by  slow 
and  gradual  rise  of  the  crust,  of  part,  of  the  lower  end  of  a  pre-existing  valley,  or  to  the 
gradual  eating  away,  by  percolating  water,  of  the  limestone  underlying  the  central 
part  of  the  valley :  by  this  latter  process  would  be  formed  cavities  and  "  swallow- 
holes,"  which  gradually  becoming  enlarged  to  imderground  caves  would  lead  to  a  col- 
lapse  of  the  surface  over  a  considerable  area  ;  such  a  process  is  common  when  the  pre- 
vailing  rock  is  limestone  and  may  be  observed  on  a  small  scale  in  many  places  in  the 
hills  around  Naini  TaL* 

The  last  lakes  to  which  we  have  to  refer  are  those  of  the  valley  of  Kashmir.  Here 
we  find  a  great  alluvial  flat  through  which  the  Jhelimi  meanders  in  its  sluggish  bed 
till  it  falls  into  the  Wular  lake  at  its  south-eastern  comer.  Seen  from  the  high  hiUs 
to  the  north,  this  lake  looks  like  a  mere  inundated  corner  of  the  great  Srinagar  plain, 
and  with  its  marshy  borders  bears  a  most  striking  resemblance  to  the  typical  "  jhil " 
or  '*  bhil "  so  common  in  the  alluvial  plains  of  Bengal.  By  Mr.  Oldham,  this  small 
and  shallow  lake,  as  also  that  of  Dal  in  the  neighbourhood  of  Srinagar,  was  regarded 
as  an  inundated  hollow  in  the  alluvial  plain,  and  this  theory  has  been  supported  by 
Dr.  Karl  Oestreich  in  his  recent  paper  on  the  valleys  of  the  North-West  Hjmalaya.f 

Dr.  Oestreich,  however,  goes  a  step  further  than  Mr.  Oldham  and  attributes  their 
formation  to  d^osition  of  alluvial  dams  by  the  Jhelum,  thus  inx^reaaing  the  analogy 
to  the  bhils  of  the  Gangetic  plain. 

That  the  lakes  of  Tibet  were  once  very  much  larger  than  they  now  are  is  almost 
^  .    ^      , ,  ^  universally  admitted,  ±    This  has  bew  inferred  from  the 

Desiccation  of  lakes.  *^  ^  •  -l  •  -l 

salt-covered  flats  and  dry  basins  which  are  so  common 
on  the  plateau  of  Tibet,  as  well  as  from  the  old  beaches  seen  on  the  hill-aides  far  above 
the  present  water-level,  which  show  that  the  lakes  once  stood  many  hundred  feet 
higher  and  spread  over  much  larger  areas  than  they  occupy  at  the  present  day. 

Thus  it  has  been  recorded  by  almost  all  explorers  who  have  visited  the  great  lake- 
basin  of  Tibet  §  that  almost  every  individual  lake  is  surroimded  by  old  terraces 
extending  to  as  much  as  200  feet  above  the  present  water-level.  This  feature,  too, 
is  clearly  visible  on  the  shores  of  the  lakes  nearer  to  India,  such  as  Tso  Morari,  Kala 
Tso,  Yamdrok  |j  and  Pangong,  ^  of  which  the  last  shows  a  large  series  of  old  beaches, 
which  remain  as  records  of  the  rise  and  fall  of  the  level  of  the  lake.  Much  interesting 
information  may  be  gleaned  from  these  old  lake  terraces  and  in  the  case  of  Pangong^ 

♦  C.  S.  Mkidlemiss  :  Mecorda,  Geological  Survey  of  India,  Vol.  XXIII  (1890),  p.  228. 

t  Pei€miann''s  MitUilungen,  Erg.  No.  155  (1906). 

t  A  Manual  of  the  Geology  of  India,  2nd  Edn.,  p.  486. 

F.  Drew :  Jummoo  and  Kashmir  terriiories,  pp.  292-300. 

R.  Lydekker:   Memoirs,  Geological  Survey  of  India,  Vol.  XXII,  p.  28. 

Journal,  Moyal  Geographical  Society,  Vol.  XLVII  (1877),  p.  107. 
§  a  R.  littledale:    Geographical  Journal,  Vol.  VII  (1896),  p.  474L 

H.  H.  P.  Deasy :  In  Tibet  and  Chinese  Twkistan,  p.  32. 

C.  G.  Rawling:  The  Great  Plateau,  p.  110. 
II  H.  H.  Haydeti :  Memoirs,  Geological  Surtfey  of  India.  Vol.  XXXVI«  ptw  S. 
IT  Elliiworth  Hnntingtoa :  Journal  of  Geology,  Vol  XIV  (1906),  p.  599. 
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Mr.  Huntington  regards  them  as  evidence  of  desiccation,  it  is  true,  but  of  a  desiccation 
that  was  oscillatory,  embracing  periods  "now  drier,  now  wetter,  but  the  tendency 
'*to  aridity  generally  greater  than  its  opponent/' 

That  the  marked  contraction  in  volume  of  the  lakes  ia  due  in  many  cases  to 
"  evaporation  is  proved  by  the  intensely  saline  character  of  their  waters  and,  Uke  the 
decrease  of  the  glaciers,  it  has  been  attributed  to  a  gradual  process  of  desiccation 
consequent  on  the  rise  of  the  Himalayan  ranges.*  That  very  extensive  desiccation  has 
occurred,  since  the  period  of  greatest  extension  of  the  glaciers  and  the  (possibly 
subsequent)  great  ext^ision  of  the  lakes,  may  be  safely  regarded  as  an  established  fact, 
but  whether  such  a  process  is  still  operative  is  a  question  which  can  only  be  decided 
by  regular  and  systematic  observations  extending  over  long  periods  of  time. 
The  isolated  observations  made  by  explorers  during  the  last  hundred  years  in  various 
parts  of  Tibet  are  inconclusive,  as  well  as  being  at  times  mutually  contradictory. 
This  is  especially  noticeable  with  regard  to  two  features,  outflow  and  salinity. 

It  has  been  generally  observed  that  most  Tibetan  lakes  have  no  superficial  outlet, 
but  at  the  same  time  it  is  by  no  means  unusual  to  find  that  there  is  a  well-marked  channel 
through  the  old  river  gravels  which  fill  the  former  outlet,  and  that  this  channel, 
though  dry  at  present,  shows  evidence  of  outflow  having  taken  place  at  no  very  distant 
date ;  such  channels  are  to  be  seen — to  cite  the  more  familiar  instances — on  Manasa- 
rowar  in  Nari  Ehorsam,  and  on  Tso  Motretung  and  Kala  Tso  in  Tsang.  The  well 
preserved  state  of  these  channels  shows  that  either  they  have  only  recently  become  dry 
or  that  they  are  stiU  in  intermittent  use  and  the  fact  that  the  accounts  of  different 
explorers  regarding  the  same  channel  are  often  mutually  conflicting  rather  lends  colour 
to  the  latter  alternative.  Hence  the  presence  of  a  dry  channel  cannot  be  taken  as 
conclusive  proof  that  desiccation  is  still  in  progress,  especially  as  in  certain  cases — ^as 
for  instance  from  Kala  Tso— outflow  takes  place  beneath  the  surface  of  the  deposits 
through  which  the  superficial  channel  runs. 

Similarly,  although  the  fact  that  the  waters  of  a  given  lake  are  salt  may  be  taken 
as  proof  that  desiccation  has  been  operative,  yet  any  attempt  to  establish  the  contin- 
uance of  this  tendency  at  the  present  time  is  frustrated  by  the  want  of  systematic 
observations.  This  is,  in  fact,  even  more  noticeable  with  regard  to  the  salinity  than 
in  the  case  of  observations  regarding  outlets.  There  is  no  doubt  that  many  lakes, 
especially  the  smaller  ones — such  as  Kyagar  Tso  and  the  salt  lake  of  Ladak — are 
permanently  and  very  markedly  salt,  but  in  many  others  the  salinity  varies  in  the 
most  striking  manner,  water  found  quite  undrinkable  by  one  explorer  having  been 
subsequently  regarded  as  perfectly  fresh  by  another :  a  particularly  good  example  of 
this  peculiarity  is  furnished  by  the  Aru  Tso,  which  lies  in  Western  Tibet  due 
east  of  Leh. 

This  lake  was  visited  in  1891  by  Captain  Bower,t  who  writes  that  the  waters  were 
^*  salt  of  course,  like  all  the  Tibetan  lakes."    In  1897,  Captain  DeasyJ  remarked  that 

*  B.  D.  OldhAm :  Bee,,  OeoL  Surv.  India,  Vol.  XXI  (1888),  p.  L57. 

t  H.  Bower:  Across  Tibet,  p.  36. 

X  H.  H.'P.  DeflAjr :   In  Tibei  and  Chinese  Turhiaian^  p.  31. 
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the  water  was   "  drinkable,"  whereas  in  1903  it  was  found  by  Captain  Rawling*  to  be 
"without  the  slightest  flavour  of  salt  or  soda." 

It  is  evident,  therefore,  that  this  character  is  largely  dependent  on  seasonal  vari- 
ationsf  and,  unless  proved  to  be  permanent,  cannot  be  regarded  as  evidence  of  progres- 
sive desiccation. 

Admitting,  however,  that  desiccation  has  occurred  to  a  very  great  extent  in  the 
past,  it  remains  to  be  proved  whether  or  no  it  is  still  operative.  This  can  only  be 
ascertained  by  systematic  observations  of  the  water-level  and  salinity  of  certain  selected 
lakes.  If  we  are  correct  in  ascribing  the  observed  desiccation  to  decreased  rainfall 
due  to  the  rise  of  the  Himalaya,  it  is  evident  that  if  such  rise  is  still  in  progress  and 
if  the  rate  of  elevation  exceeds  the  rate  of  degradation,  then  a  steadily  decreasing 
amount  of  moisture  will  reach  the  plateau  of  Tibet ;  that  is  to  say,  if  the  Himalaya  as 
a  mountain  system  have  not  yet  reached  maturity,  it  is  to  be  expected  that  desicca- 
tion will  stiU  be  in  progress.  When,  however,  this  stage  has  been  reached,  it  may  be 
expected  that  the  rainfall  of  Tibet  will  become  approximately  constant  and  such  varia- 
tions as  may  be  observed  will  be  of  merely  seasonal  significance,  and  when,  finally^ 
degradation  outweighs  growth  and  the  Himalaya  pass  into  a  stage  of  decay,  the  cli- 
mate of  Tibet  will  become  increasingly  moist  and  the  lakes  and  glaciers  will  regain, 
some  measure  of  their  former  grandeur.  In  this  connection  observations  have  recently 
been  begun  by  the  Trigonometrical  Survey  from  selected  stations  near  Dehra  Dun 
with  a  view  to  determining  the  absolute  values  of  Himalayan  heights  and  thus  even- 
tually to  detect  any  variations  that  may  have  taken  place  in  the  heights  of  the  great 
peaks :  but  it  must  be  remembered  that  geological  processes  are  usually  so  gradual 
as  to  be  almost  imperceptible  during  such  periods  of  time  as  can  be  measured  by 
human  standards  and  the  many  disturbing  factors,  already  referred  to  in  a  previous  part 
of  this  paper,  may  render  it  impossible  to  detect  with  certainty  such  movement  as 
may  take  place  in  the  course  of  a  single  century. 

Although  the  hypothesis  of  a  rise  of  the  Himalaya  may  fully  suffice  to  account 
for  the  desiccation  observed  in  the  neighbourhood  of  the  mountains  and  in  the  great 
lake-basin  of  Tibet,  it  is  by  no  means  certain  that  it  can  be  applied  to  such  areas  as 
the  Tarim  basin.  The  disappearance  of  lakes  in  this  and  similar  desert  areas,  such 
as  Baluchistan,  has  been  attributed  to  the  increase  and  movements  of  blown  sand.j: 
The  surface  rocks  of  Tibet  are  everywhere  decomposing,  and  the  several  rivers  that 
have  their  sources  in  Tibetan  glaciers  carry  down  immense  loads  of  sand.  The 
annual  additions  of  sand  to  the  deserts  of  Asia  are  always  increasing  the  amounts 
already  accumulated  in  past  centuries.  The  Tarim  basin  is  becoming  choked  with 
sand  ;  almost  all  its  rivers  now  end  in  its  deserts  and  fail  to  reach  Lob  Nor.  The- 
sand  is  always  increasing  whilst  the  water  is  not. 

•  a  G.  Rawling :  The  Great  Platemi,  p.  111.      • 

t  It  has  also  been  pointed  out  by  Mr.  Ellsworth  Huntington  that  salinity  is  largely  a£Feotod  by  ciroalation  of  the  water 
ill  a  lake  and  a  single  observation  might  thus  be  entirely  misleading :  see  '  Pangong :  a  giacial  LAc*  Journal  of  Oeclogyt- 
Vol.  XIV  (1906),  p.  699. 

X  S.  G.  Burrard  :  Report  on  Geography  to  the  Board  of  Scientific  Advice  for  India,  1905-06. 
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PREFACE 


IN  1807  a  Survey  detachment  was  deputed  by  the  Surveyor  General  of  Bengal  to 
explore  the  source  of  the  Ganges :  this  was  the  first  expedition  to  the  Himalaya 
xmdertaken  for  purely  geographical  purposes.  A  hundred  years  have  now  elapsed, 
during  which  geographical  and  geological  information  has  been  steadily  accumulating 
itnd  we  have  at  length  reached  a  stage  where  there  is  danger  of  losing  our  way  in  a 
maze  of  unclassified  detail :  it  is  therefore  desirable  to  review  our  present  position,  to 
co-ordinate  our  varied  observations  and  to  see  how  far  we  have  progressed  and  what 
-directions  appear  favourable  for  future  lines  of  advance. 

The  present  paper  originated  in  a  proposal  submitted  by  the  Survey  of  India  to 
the  Board  of  Scientific  Advice  at  the  meeting  of  the  latter  in  May  1906.  The  pro- 
posal was  as  follows : — "  The  number  of  travellers  in  the  Himalaya  and  Tibet  is 
"  increasing,  and  a  wider  interest  is  being  evinced  by  the  public  in  the  geography  of 
"  these  regions.  It  is  therefore  proposed  to  compile  a  paper  summarising  the  geographi- 
"  cal  position  at  the  present  time." 

Subject  to  the  modification  that  the  scope  of  the  paper  should  be  geological  as 
well  as  geographical,  this  proposal  has  received  the  sanction  of  the  Government  of 
India  and  the  work  has  been  entrusted  to  us  to  carry  out.  On  the  understanding 
that  the  paper  is  intended  primarily  for  the  use  of  the  public,  we  have  endeavoured 
to  avoid  purely  technical  details  and  to  present  our  results  in  a  popular  manner. 

Our  subject  has  fallen  naturally  into  four  parts,*  as  follows  :— 

Part  I. — The  high  peaks  of  Asia. 
Part  II. — The  principal  mountain  ranges  of  Asia. 
Part  III. — The  rivers  of  the  Himalaya  and  Tibet. 
Part  IV. — The  geology  of  the  Himalaya. 

Though  the  four  parts  are  essentially  interdependent,  each  has   been  made  as  far 

-as  possible  complete  in  itself  and  will  be  published  separately.     The    first  three  parts 

are  mainly  geographical,  the  fourth  part  is  wholly  geological :  the  parts  are  subdivided 

into  sections,  and  against  each  section  in  the  table  of  contents  is  given  the  name  of  the 

-author  responsible  for  it. 
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The  endeavour  to  lender  each  part  complete  must  be  our  apology  for  havings 
repeated  ourselves  in  more  places  than  one  :  the  relations,  for  instance,  of  a  range  to  a 
river  have  been  discussed  in  Part  II,  when  the  range  was  being  described,  and  have 
been  mentioned  again  in  Part  III  under  the  account  of  the  river. 

As  the  mountains  of  Asia  become  more  accurately  surveyed,  errors  will  doubtless 
be  found  in  what  we  have  written  and  drawn  :  it  is  not  possible  yet  to  arrive  at  correct 
generaUsations  and  we  have  to  be  content  with  first  approximations  to  truth. 

Maps,  too  large  for  insertion  in  such  a  volume  as  this,  are  required  for  a  study  of 
tiie  Himalayan  mountains  :  the  titles  of  maps  illustrating  the  text  are  given  in  foot- 
notes and  are  procurable  from  the  Map  Issue  Office  of  the  Survey  of  India  in  Calcutta. 
Constable's  hand  atlas  of  India  will  be  found  useful. 

We  are  much  indebted  to  Babus  Shiv  Nath  Saha  and  Ishan  Chandra  Dev,  b.a.,  for 
the  care  with  which  they  have  checked  our  figures  and  names,  and  to  Mr.  J.  H.  Nichol 
for  the  trouble  he  has  taken  to  ensure  the  correctness  of  the  charts.  Mr.  Eccles  and 
Major  Lenox  Conyngham  have  been  kind  enough  to  examine  all  proofs,  and  to  give 
us  the  benefit  of  their  advice  and  suggestions.  Mr.  Eccles  has  also  supervised  the^ 
drawing  and  printing  of  the  charts,  and  we  have  profited  greatly  by  the  interest  he  has 
shown  in  them. 

We  have  also  to  express  our  indebtedness  to  Messrs.  T.  D.  LaTouche  and  C.  S.. 
Middlemiss  for  their  kind  assistance  in  examining  proofs  of  Part  IV. 


S.    G.    BURRARD. 

H.  H.  Hayden. 

December  1908, 
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GEOLOGICAL  SUBDIVISIONS  OF  THE  HIMALAYA  • 


THE  rocks   of  the  Himalaya   fall   into  three   broad  -  stratigraphical  zones   (Plate 
XXXVIII),  namely— 

(1)  an  outer  or  Sub-Himalayan  zone   composed  of  sediments  for  the  most 

part  of  Tertiary  age  ; 

(2)  a  central  or  Himalayan  zone,  comprising  most  of  the   ranges  known  as 

the  Lesser  Himalaya  together  with  the  line  of  high  peaks.  This  is  com- 
posed of  granite  and  other  crystalline  rocks  and  a  great  group  of  un- 
f  ossilif erous  sediments  of  unkno\7n  age ;  and 

(3)  a  northern  or  Tibetan  zone,  lying  for   the  most  part  behind  the  line  erf 

high  peaks  (the  axis  of  the  Great  Himalayan  range)  and  composed  of  a 
series  of  highly  fossiliferous  sediments  ranging  in  age  from  the  Cambrian 
to  the  Tertiary  epochs. 


subdivisions : — 


The  following  table  shows  the  classification  and  the  more  important 
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Table  XL. 


Svb  Himalayan  Zone. 


Himalayan  Zone. 


Tibetan  Zone. 


High  level  terraces  of  the  chief  Himalayan  rivers  ;  Karewas  of  Kashmir ; 

Ossiferous  beds  of  Ngari  E^orsum. 


< 


6 


Upper  Siwalik 

stage. 
Middle  Siwalik 

stage. 
Lower    Siwalik 

(  N  a  h  a  n  ) 
V      stage. 

1' Kasauli  stage. 
Dagshai  stage. 
Siibathu  stage. 


QQ 


OQ 


Tal  series. 


Gondwaoas  of  East- 
em  Himalaya. 


s 


i 

£ 


S3  p 


s 


Litrusive  tourmaline- 
granite,        biotite- 
granite     and  horn- 
blende-granite. 


Nummulitic  limestone  of  Zangskar 
and  Ngari  Khorsum,  and  volcanics 
of  Lake  Manasarowar  ;  Indus  Val- 
ley Tertiaries  ;  upper  part  of  Kam- 
pa     system. 

Chikkim    series ;    Flysch    of    Ngari 
Khorsum  ; 

Giumal  series  :  lower  part  of  Kam- 
pa  system. 

Spiti  shales  and  Jurassic  of  Tibet. 
Kioto       fTagling    stage, 
[limestone.  ^p^^^^^3^^ 

Trias  of  Hazara  ; 

Lilang  system. 

Kuling     rftoductus  shale*. 


system. 


Fusuli 


t Calcareous  sandstone. 
Conglomerates. 


Kaoawftr 

system 


i 


in  Spiti. 


mestone  of  Afghanistan. 
^  Zewan    -n 
stage.        •. 
Ganga-       g 

I     tens  e9 

V.   beds.        W 


Po  series 


Lipak 
series. 


^Pai^jal 
-<    volca- 
nics. 


.S 


Panjal  system  in 
part ;  Infra-lVias  of 
Hazara  ;  Krol  sys- 
tem ;  Carbonaceous 
system ;  Simla 

slates ;  Deoban 
limestore  ;  Jaunsar 
system ;  Baxa 

series  ;  Miju  beds. 


Ghitral  limestones. 

Muth  qnartzite. 

Limestone  with    Silurian 
Muth        \     fossils, 
system.  <  Red  quartzite. 

Conglomerate   in    Spiti  ; 

Coral  limestone    in  Kum- 

aun. 

(  Upper  Haimanta. 

Haimanta  ] 
system.    "S  Middle  Haimanta. 

V  Lower  Haimanta. 


Daling    series;   old 
schists,  gneisses  and 
crystalline       lime- 
stones. 


Vaikrita  system  in  part. 


A  proximaU  Foreign 
equivalents. 


Pleistocene. 


Pliocene. 


Miocene. 


Oligocene. 


Eocene. 


Cretaceous. 


Jurassic. 


Trias. 


Permian. 


Carboniferous. 


Devonian. 


Silurian. 


(4 


o 

s 

OQ 

I 


Middle  Cambrian, 
Lower  and  perhaps 
in  part  pre-Cam- 
brian. 


S 


Aloonkiak. 


Abchaah* 
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THE  SUB-HIMALAYAN  ZONK 

Although  it  is  customary  in  stratigraphical  treatises  to  deal  first  with  the  oldest 
rock-groups,4t  will  be  more  convenient  in  the  present  instance  to  take  the  three  zones 
in  their  geographical  sequence,  describing  them  in  the  order  in  which  they  would  be 
met  with  by  the  traveller  passing  from  the  plains  of  Lidia  to  the  highlands  of  Tibet. 
Whether  his  route  lie  through  the  tropical  forests  of  the  Darjeeling  Terai,  the  sal-cover- 
ed spurs  above  Kathgodam,  the  outer  ridges  and  duns  of  the  SiwaUk  range  below 
Mussooree,  or  the  sinuous  tunnels  of  the  Kalka-Simla  Railway,  he  must  always  cross  a 
band  of  conglomerates,  sandstones  and  clays,  which  runs  from  end  to  end  of  the 
Himalaya  along  their  outer  margin,  and  is  known  to  geologists  as  the  Sub-Himalayan 
zone.  Even  should  his  destination  be  the  valley  of  Kashmir,  he  must  still  cross  the 
same  zone  in  the  Murree  hills  and  through  the  deep  and  narrow  gorges  of  the  Jhelum. 

The  rocks  of  this  zone  fall  into  two  well-marked  subdivisions,  known  as  the  Sirmur 
Subdivisions  of  the  component  and  SiwaUk  Series,  respectively :  these,  again,  are  sub- 
^^^-  divided  as  follows  : — 


Z' 


Sub-Himalayan  system        •         ->  "j 

I 


{Upper  SiwaUk     stage. 
Middle    „  „ 

Lower     „  (Nahan)  „ 

rEasauli  stage. 


I  Sirmur  series        •  }  Dagshai    „ 
L  (Subathu    „ 

Sub-Himalayan  system. 

Siwalih  series. 

The  upper,  or  Siwalik,  series  is  the  first  rock-group  met  with  in  passing  from  the 

^.    ,.,        plains  into  the  Himalayan  foot-hills,  and  takes  its  name  from 

Siwalik  aeries :  Upper  Siwaliks.  ,         ,         ,  . 

the  Siwalik  hills,  which  are  composed  of  the  various  mem- 
bers of  this  series.  The  uppermost  stage  consists  of  an  immense  thickness — ^many 
thousands  of  feet — of  loosely  aggregated  conglomerates  and  soft  earthy  beds  immediately 
underlying,  but,  as  a  rule,  sharply  marked  off  from,  the  extensive  recent  deposits  still 
in  process  of  formation  along  the  foot  of  the  Himalaya.  Here  and  there,  however, 
where  the  Siwalik  beds  have  been  subjected  to  comparatively  little  disturbance,  no 
distinct  line  of  division  between  them  and  the  overlying  recent  deposits  can  be  found, 
and,  owing  to  the  mutual  similarity  of  composition,  we  are  led  to  conclude  that  the 
recent  deposits  are  the  direct  successors  of  the  Upper  Siwahk  beds.  Both  are  of  sub- 
aerial  origin,  and  both  are  the  direct  products  of  those  forces  of  which  the  concrete 
embodiments  are  rain  and  rivers,  and  which  are  to-day  at  work,  removing  material 
from  the  mountains  to  lay  it  down  again  on  the  plains  at  their  foot.    To  this  process- 

B  2 
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not  only  the  recent  deposits,  but  clearly  also  the  Upper  Siwaliks,  owe  their  origin.  It 
has  further  been  found  that,  in  the  neighbourhood  of  the  debouchures  of  the  great  rivers 
of  the  present  day,  the  Siwalik  deposits  consist  chiefly  of  coarse  conglomerates,  whereas, 
in  the  intervening  areas  soft  earthy  beds  predominate.*  It  is  clear,  therefore,  that, 
throughout  the  vast  period  of  time  necessary  for  the  acculnulation  of  these  deposits, 
the  distribution  of  the  main  drainage  lines  of  the  Himalaya  was  much  as  it  is  at  the 
present  day,  and  the  more  important  Himalayan  rivers  are  therefore  of  very  great 
antiquity. 

The  Upper  Siwalik  conglomerates  are  underlain  by  a  great   thickness  of  a  soft, 
Middle    Siwalik  and  Naban       barely  Coherent,  sand-rook,t  lying  upon  a  harder  but  other- 
^■^^  wise  very  similar  sandstone :  these  two  subdivisions  of  the 

Siwalik  series  are  known  as  the  Middle  and  the  Lower,  respectively,  the  latter  being  also 
frequently  known  as  the  Nahan  stage,  from  its  being  exposed  and  having  been  first 
studied  at  Nahan. J  As  already  stated,  the  three  stages  forming  the  Siwalik  series 
are  all  composed  of  sub-aerial  deposits  which  bear  internal  evidence  of  a  fluviatile 
origin.  As  might,  therefore,  be  expected,  fossils  are  rare,  but  the  two  uppermost 
stages  have   yielded  locally  large  numbers  of  remains  of  mammals  closely  allied  to 

species  existing  in  the  Himalayan  foot-hills  at  the  present  day. 

These  include  bones  and  teeth  of  such  animals  as  the  elephant, 
rhinoceros,  tiger,  pig,  ox  and  various  species  of  deer.§  Such  fossils  are  by  no  means 
of  common  occurrence,  but  the  few  localities  which  have  hitherto  been  discovered 
have  yielded  them  in  some  profusion.  The  same  belt  of  Siwalik  deposits  is  known  to 
extend  far  to  the  west,  through  the  Punjab  into  Sind,  whilst  similar  hedSf  also  highly 
fossiliferous,  have  been  found  in  Burma.  Although  there  is  an  extensive  literature  on 
the  subject  of  the  Siwalik  fossils  as  a  whole,  little  is  known  as  to  their  exact  vertical 
distribution  or  their  respective  horizons  in  the  rocks  in  which  they  occur,  and  a  wide 
field  for  detailed  research  still  exists  in  this  direction.  On  the  whole,  however,  it  is 
generally  agreed  that  they  are  of  the  same  age  as  the  very  similar  fossils  found  in  Europe 
and  known  to  belong  to  the  pUocene  stage  of  the  Tertiary  system. 

The  beds  below  the  Upper  Siwalik  conglomerates — the  Middle  SiwaUk  or   sand- 

Middie  Siwaliks.  ^^^^  ®**S® — ^^^  composcd  chiefly  of  soft  sands  of  a  "  pepper 

und  salt  "  colour ;  here  and  there  they  contain  small  masses 
of  lignite,  which  have  frequently  led  to  expectations  of  coal ;  such  expectations,  how- 
ever, have  invariably  proved  fallacious,  and  in  all  cases  the  lignite  deposits  have  been 
found  to  be  merely  isolated  pockets  of  carbonised  wood||  or,  in  a  few  instances,  patches 
of  drifted  vegetable  matter  If  far  too  small  to  be  of  any  economic  value. 

•  Manual  of  the  Oeohgy  of  India,  2nd  ed.,  368  (1893) ;  H.  B.  Medlicott»  Records,  Geological  Survey  of  India. 
VoL  IX,  67  (1876). 

t  C.  S.  Middlemiss :  Memoirs,  Geological  Survey  of  India,  VoL  XXIV,  pt.  2  (1890). 

X  H.  B.  Medlicott :  Memoirs,  Geological  Survey  of  India,  Vol.  Ill,  pt.  2  (1864). 

{  Falconer  and  Cautley  :  Fauna  aniiqua  sivtUensis  ;  also  Palceoniologia  Indica,  ser.  X. 

II  H.  B.  Medlicott:  Memoirs,  Geological  Survey  of  India,   Vol.   Ill,  pt   2,    14  (1864);  C.    S.   Middlemiss: 

Memoirs,  Geological  Survey  of  India,  Vol.  XXIV,  pt.  2,  26  (1890) ;  H.   H.   Hayden :  Records,  Geological  Survey  of 
/n^ia,  Vol.  XXX,  249  (1897). 

^  F.  R.  Mallet :  Memoirs,  Geological  Survey  of  India^  Vol.  XI,  46  (1876). 
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The  lowest^  or  Nahan^  stage  differs  from  the  Middle  Siwalik  in  its  greater  degree 

of  induration  and,  at  times  also,  in  its  colour,  the  prevail- 

Nahan  stage.  ...  .  . 

ing  tints  being  brownish  and  greenish-brown^  although 
bluish- grey  is  not  uncommon,  especially  on  weathered  surfaces  ;  the  safest  criterion  by 
which  to  distinguish  the  members  of  the  two  groups,  one  from  the  other,  is  the  greater 
degree  of  hardness  characteristic  of  the  Nahan  sandstone,  which  is  capable  of  being 
dressed  into  blocks  and  used  as  a  building  material,  whereas  the  sand-rock  is  much 
less  coherent  and  crumbles  away  when  struck  with  the  hammer. 

Although  the  three  stages  of  the  SiwaUk  series  may  be  denoted  broadly  as  the 
Lithoiogicai  characters  of  the  Conglomerate,  saud-rock  and  sandstone  stages,  respectively, 
ee  stages.  ^^^  j^  inust  uot  be  supposed  that  each  of  these  rocks   con- 

stitutes the  whole  of  the  formation  of  which  it  is  characteristic ;  these  are  merely  pre- 
dominant types,  and  conglomerate  is  found  also  in  the  sand-rock  stage,  especially 
towards  its  base,  as  well  as  in  the  Nahan  stage,  whilst  clay  and  loam  are  found  through- 
out the  whole  series,  purple  and  red  clays  being  especially  characteristic  of  the  Nahan 
Btage. 

Between  the  Siwalik  series  and  all  older  beds  with  which  they  are  found  in  contact 
....      .     .   .^  there  occurs  one  of  the  most  peculiar,  as  it  is  one  of  the 

Alain  boundary  fault.  -"^  ' 

most  constant,  features  of  Himalayan  tectonic  geology^ 
This  is  known  as  the  "  main  boundary  fault,"  which,  probably  throughout  the  whole 
length  of  the  Himalaya,  from  Assam  to  at  least  as  far  as  the  Beas,  occurs  at  the  inner 
edge,  and  so  forms  the  northern  boundary,  of  the  Siwalik  series.  This  fault  has  many 
peculiar  and  interesting  features  :  in  the  first  place,  it  is  not  a  simple  fault,  but  is  of  the 
type  known  as  "  reversed,"  along  which,  in  the  process  of  folding,  the  older  rocks  have 
been  thrust  up  over  the  younger,  whilst,  at  the  same  time,  the  apparent  order  of  super- 
position of  the  beds  on  one  or  on  both  sides  of  the  fault  may  be  exactly  the  reverse  of 
the  order  in  which  they  were  originally  deposited.  Whatever  be  the  ultimate  causes 
to  which  the  folding  of  the  crust  of  the  earth  is  due,  they  resolve  themselves  finally 
into  tangential  thrusts  acting  in  opposite  directions ;  the  effect  of  this  is  to  throw  the 
crust  into  folds,  which,  at  first  gentle,  gradually  become  more  and  more  compressed 
until  the  pressure  exceeds  the  breaking  strain  of  the  component  rocks  and  fracture 
{faulting)  results.  This  is  most  readily  exemphfied  by  means  of  diagrams ;  on  plate 
XXXIX,  figures  1  to  3  represent  successive  stages  in  the  compression  and  folding  of 
a  series  of  stratified  rocks,  from  their  simple  wave-like  beginnings  up  to  the  reversed  and 
broken  flexure  which  is  the  key  to  almost  all  the  complicated  puzzles  of  Himalayan 
structure,  not  only  in  the  geologically  young  Sub -Himalayan  area  but  also  throughout 
the  whole  of  the  mountain  masses  between  India  and  Tibet,  as  well  as  in  the  ranges  of 
Afghanistan. 

If,  now,  we  tmrn  to  the  actual  conditions  of  the  rocks  of  the  Sub-Himalayan  zone,  we 

find  this  type  of  structure  clearly  shown  in  the  beautiful 

Character  of  the  faults.  ,  '         i     t_      tit       Tir*  j  n       •        •      ^i  i     . 

sections  traced   by  Mr.  Middlemiss  m  the  area   between 
the  debouchure  of  the  Ganges  and  Nepal.     Plate  xxxix,  figures  4  to  6,  which  are 
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reproductions  of  Mr.  Middlemiss'  sections,*  show  not  only  one  of  these  reversed  fault 
but  a  whole  series  of  them  (figure  6),  each  separating  one  rock  formation  from  another 
and  occurring  not  only  among  the  members  of  the  Siwalik  series,  but  also  through  the- 
older  beds  of  the  unf ossilif erous  and  metamorphic  zone  of  the  Lesser  Himalayan  ranges.  - 
It  will  be  noticed  that  each  of  these  fractures  has  taken  place  along  the  middle  limb  of 
the  fold,  i.e.,  along  the  part  lying  between  an  anticlinal  crest  and  its  complementary 
synclinal  trough,  and  that  on  either  side  of  the  fault  the  normal  order  of  superposition 
of  the  beds  has,  in  many  cases,  been  reversed,  the  younger  now  appearing  to  imderlie 
and  dip  beneath  the  older ;  this  is  a  characteristic  and  constant  feature  in  the  relation 
of  the  beds  of  the  Siwalik  series  to  all  older  beds  and  also,  to   a   great  extent,  to  one 

another. 

A  second  point  of  importance  in  connection  with  the  main  boundary  fault  lies  in  the 

Main  boundary  fault  an  ori-    ^*^*  *^^*  *^®  Siwalik  deposits  never  overstep  this  boundary 
ginai  limit  of  deposition.  ^q  q^j^^  ^re  never  f ound  among  the  higher  hiUs  beyond,  but 

are  restricted  to  the  zone  fringing  the  foot  of  the  hills.  The  main  boundary  must,  therer 
fore,  mark  an  original  limit  of  deposition  of  the  Siwalik  series.  Furthermore,  Mr. 
Middlemiss  has  inferred  that  the  reversed  faults  lying  to  the  south  of  the  main  boundary 
are  also  to  a  certain  extent  original  limits  of  deposition  for  the  beds  lying  immediately 
to  the  south  of  each,  and  that  they  consequently  mark  the  approximate  position  of  the 
moimtain-foot  as  it  was  at  the  time  of  their  formation.  They  were  thus  "  not  contem- 
poraneous, but  successional,"  each  having  been  produced  or  at  least  completed  at  the 
end  of  the  period  during  which  the  beds  inmiediately  to  the  south  of  it  were  deposited^f 
The  detailed  reasoning  and  careful  observation  which  have  led  to  the  above  conclusions 
and  which  we  owe,  first,  to  the  genius  of  the  late  Mr.  H.  B.  Medlicott,  and  subsequently  to 
the  skill  and  industry  of  Mr.  C.  S.  Middlemiss,  are  too  extensive  and  of  too  technical  a 
nature  to  be  dealt  with  here,  but  those  who  wish  to  pursue  the  matter  further  are  referred 
to  the  original  papers.  J  An  admirable  summary,  by  Mr.  R.  D.  Oldham,  of  the  whole - 
question  will  be  foimd  in  the  second  edition  of  the  "  Manual  of  the  Geology  of  India," 
pp.  467  to  471. 

Turning  now  to  the  Siwalik  series  as  a  whole,  we  find  it  to  consist  of  an  enormoua 
thickness — averaging  over  16,000  feet — of  deposits,  which,  in  spite  of  local  imcon- 
formities,  are  undoubtedly  one  great  conformable  and  connected  formation,§  which 
has  been  deposited  sub-aerially  by  streams  and  rivers||  along  the  outer  margin  of  the 
Himalaya.  The  deposition  of  such  a  great  thickness  of  material  must  have  occupied  a 
Mode  of  accumulation  of  the  vast  period  of  time,  during  which  the  area  over  which  they 
Siwahks.  ^  wexe  being  laid  down  was  steadily  sinking.     The    cause  of 

this    persistent    movement    of  subsidence  is    still  a  matter  of  controversy,  and  no 


♦  Memoirs,  Geological  Survey  of  Indiay  Vol.  XXIV,  pt.  2  (1890). 

t  C.  S.  I^nddlemiss:  Memoirs,  Geological  Survey  of  Indin,  Vol.  XXIV,  pt.  2,  118,  119  (1890). 

X  H.  B.  Medlicott:  Memoirs,  Oeological  Survey  of  India,  Vol.  Ill,   pt.  2  (1864) ;  C.   S.  JVIiddlemiss :  Memoirs,. 
Qeologicil  Survey  of  India,  Vol.  XXIV,  pt.  2  (1890). 

I  C.  S.  Middlemiss :  Memoirs,  Geological  Survey  of  India,  Vol.  XXIV,  pt.  2,  29  (1890). 

II  Manual  of  the  Geology  of  India,  2nd  edition,  358  (1893). 
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-theory  has  been  generally  accepted,  although  that  put  forward  by  the  Rev.  0.  Fisher 
had  until  recently  many  supporters.    Tbis  has  already  been  ably  dealt  with  by  Mr. 

Oldham,*  whose  modification  of  the  theory  seemed  to 
satisfy  all  the  requirements  of  the  case.  The  theory  is  based 
on  the  hypothesis  that  the  crust  of  the  earth  is  comparatively  thin,  and  rests  upon  a 
zone  of  material  which  is  either  fluid  or  has  the  properties  of  a  fluid.  As  this  inner 
portion  contracts  owing[to  loss  of  heat,  the  crust  ia  left  unsupported  and,  not  being  strong 
enough  to  bear  the  strain  due  to  its  own  weight,  will  "  yield  along  lines  of  weakness  '* 
and  be  "  thickened  both  upwards  and  downwards "  from  a  zone  at  certain  depths 
'below  the  surface.*^!  Above  this  zone,  which  has  been  termed  the  "  neutral  zone," 
"  the  materia]  will,  on  the  whole,  be  forced  upwards  and  below  it  downwards."  Mr. 
Fisher  has  most  ingeniously  explained  not  only  the  rise  of  the  Tibet  plateau  but  also  the 
overfolding  of  the  outer  border  of  the  Himalaya  and  the  subsidence  of  the  submontane 
tracts,  whilst  Mr.  Oldham's  amplification  of  the  argument  aflfoxds  a  complete  explana- 
tion of  aliythe  observed  phenomena.f 

Of  late,  however,  physicists  have  begun   to    question  the  validity  of  Mr.  Fisher's 
Dutton's  theory  of  isostasy.        Premises  and  Major  Button's  theory  of  iaostasy  (see  above, 

page  48)  is  now  more  generally  accepted.  Major  Dutton 
assumes  that,  owing  to[the  removal,  by  rain  and  rivers,  of  material  from  the  mountains 
and  its  deposition  on  the  plains  at  their  foot,  isostatic  equilibrium  has  been  disturbed 
and  can  be  restored  only  by  the  rise  of  the  denuded  area  and  the  subsidence  of  that 
portion  over  which'^the  material  has  been  deposited;  we  thus  have  an  ^planation 
-of  the  manner  in  which  these  vast  sub-aerial  deposits  may  have  accumulated  in  areas 
which  have  for  a  long  period  of  time  been  steadily  subsiding. 

Sirmur  series. 

The  Sirmur  series  is,  with  one  exception,  not  known  to  occur  to  the  east  of  the 
Kasauii  stage  Jumna,  but  is  extensively  developed  in  the  outer  portion 

of  the  Lesser  Himalaya  to  the  west  of  that  river.  It  has 
been  subdivided  into  the  three  stages  already  noted  {supra,  page  209).  Of  these,  the 
uppermost,  or  Kasauii,  stage  consists  chiefly  of  sandstone,  with  subordinate  beds  of  clay  : 
the  sandstone  is  grey  or  greenish  in  colour,  at  times  hard,  but,  as  a  rule,  rather  soft  and 
coarse,  the  upper  beds  being  not  unlike  the  sandstones  of  the  Nahan  stage.  The  appa- 
rent absence  of  marine  fossils,  the  presence  of  remains  of  land  plants,  and  the  general 
similarity  of  the  beds  of  the  Kasauii  stage  to  those  of  the  lower  beds  of  the  Siwalik  series 
leave  little  room  for  doubt  that  the  Kasauii  sandstone  is  of  fresh-water  origin.  The 
stage  takes  its  name  from  the  hill  station  of  Kasauii,  where  it  is  well  exposed. 

The  underlying  Dagshai  stage  consists  chiefly  of  grey  or  purple  sandstone  with  beds 

of  bright  red  or  purple  homogeneous  clay.     Both  at  Dagshai 
and  on  the  ridge  to  the  north  of  that  station  the  beds  are 


*  Manual  of  the  Geology  of  India,  2nd  edition,  471—477  (1893). 
t  IM,  473. 


214  THE  GEOLOGY  OF  THE  HIMALAYA. 

^ell  exposed  and  readily  recognisable  in  the  road  and  railway  cuttings.    The  only  fossils^ 
found  are  worm-tracks  and  obscure  markings  ascribed  to  fucoids.    It  appears  probable- 
that  these  beds  were  deposited  in  lagoons  or  salt-water  lakes :  they  thus  constitute  an 
intermediate  stage  between  the  overlying  Kasauli  beds  of  fresh-water  origin  and  the 
underlying  Subathu  stage,  which  is  definitely  marine. 

The  Subathu  stage — so  named  from  the  hill  station  of  Subathu — consists  chiefly  of 
Subathu  stage.  "  greenish- grey  and  red  gypseous  shales,  with   some  subor- 

•'  dinate  lenticular  bands  of  impure  limestone  and  sandstone, 
"  the  latter  principally  found  near  the  top  "  of  the  stage.*  At  the  base  there  is  a  peculiar 
ferruginous  bed  which  bears  a  strong  resemblance  to  the  laterite  so  well  known  in  the 
Indian  peninsula.  Fossils  are  common  throughout  the  rocks  of  this  stage,  especially  in 
the  neighbourhood  of  Subathu.f  The  only  forms  that  need  be  mentioned  here  are 
Nummulites,  the  presence  of  which  leads  to  the  inference  that  the  Subathu  stage 
corresponds  to  the  eocene  of  Europe. 

Near  the  base  of  this  stage  at  Subathu,  there  is  a  seam  of  coal,  which,  however,  is 
too  impure  and  too  crushed  to  be  of  any  economic  value.  { 

The  Sirmur  series  was  first  critically  examined  and  described  by  Mr.    Medlicott 

Distribution  of  the  Sirmur  series:    ^"^^  "^'^'^  '"^  *^^   ^'"^^   ^^^^^^  ^  i*  ^^  Subsequently  traced 

by  him  westwards  into  Jammu  §  and  thence  linked  up  \vith 
the  similar  rocks  of  Murree  and  the  Jhelum  valley.j| 

The  Sirmur  series  of  Jammu  is  similar  to  that  of  the  Simla  region,  with  the  excep- 
in  Jammu;  tiou  that  the  coal  seams  of  the  Subathu  stage  are  here  more 

extensive,  and  are  underlain  by  thick  beds  of  ironstone.lf 
In  the  Murree  hills  nummulitic  limestone  and  shales  represent  the  Subathu  stage, 

in  the  Murree  Hills-  ^^^*  *^®  *^^  ^P?®^  ^^^^^  (Dagshai  and  Kasauli)  are  re- 

presented  by  the  formation  known  as  the  Murree  beds,  the 
identity  of  part  of  which  with  the  Kasauli  stage  has  been  proved  by  the  occurrence  in 
the  Murree  hills  of  fossil  plants  similar  to  those  found  in  the  Kasauli  stage  in  the  Simla 
region.**  Similar  fossils  have  also  been  found  in  the  valley  of  the  Ravi, ft  which  thus 
serves  as  a  connecting  link  between  the  Murree  and  Simla  regions. 

The  whole  of  the  Sirmur  series  is  one  perfectly  continuous  and  conformable  group 
Age  of  the  series.  ^^  deposits,  there  being  a  gradual  transition,  first,  from  the 

Subathu  stage  up  into  the  Dagshai  stage  and  thence  from 
that  into  the  Kasauli  stage.    The  evidence  afforded  by  fossils  enables  us  to  correlate  the 

♦  Manual  of  the  Geology  of  India,  2nd  edition,  350  (1893). 

t  H.  B.  Medlicott,  Memoirs,  Geological  Survey  of  India,  VoL  III,  pt  2  (1864). 
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H  R.  R.  Simpson :  Memoirs,  Geological  Survey  of  India,  Vol.  XXXD^  pt.  4  (1904). 
♦*  0.  Feismantel :  Records,  Geological  Survey  of  India,  Vol.  XV,  61  (1882). 
tt  H.  B.  Medlicott:  Records,  Geological  Survey  of  India,  Vol.  IX,  52  (1876). 
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Subathu  stage  with  the  eocene  stage  of  the  Tertiary  system  of  Europe  *  and  the 
Kasauli  stage  with  the  lower  miocene. 

It  has  ahready  been  pointed  out  that,  to  the  east  of  the  Jumna,  the  Sirmur  series  is 

only   known  to   occur   in   one   area.     To  the  east  of  the 

Its  eastern  development. 

debouchure  of  the  Ganges  and  along  the  inner  boundary  of  the 
Siwalik  series,  there  is  foimd  a  most  complicated  group  of  beds,  amongst  which  the  typi- 
cal beds  of  the  Subathu  stage  have  been  recognised  not  only  by  their  lithological 
characters  but  also  by  their  fossils.^ 

Where  the  Sirmur  series  has  been  found  in  contact  with  older  beds,  the  junction 
Relation  of  sinnur  series  to    between  the  two  has  always  been  f oimd  to  be  either  a  faulted 
older  rocks.  ^j^  ^^  imconformable  one.    Nevertheless,    from   a   tectonic 

point  of  view,  this  series  is  more  nearly  associated  with  the  old,  frequently  metamorphosed, 
beds  of  the  central  zone  of  unfossiliferous  sediments,  amongst  which  its  component 
members  have  been  intimately  infolded,  than  with  the  younger  Siwalik  series  and  it 
extends  beyond  the  strictly  Sub-Himalayan  hills  into  the  ranges  of  the  Lesser  Himalaya, 
whilst,  except  in  the  western  parts  of  the  Himalayan  area,  it  is  marked  off  from  the 
Siwalik  series  by  the  sharp  line  of  the  "  main  boimdary."  In  aU  except  its  purely 
structural  relations,  however,  it  differs  widely  in  every  respect  from  the  old  unfossili- 
ferous rocks  of  the  Himalayan  zone. 

Tal  series  and  Himalayan  Gondwanas. 

Before  passing  on  to  deal  with  the  component  parts  of  this  latter  zone,  we  must 
refer  briefly  to  certain  pre-Sirmur  beds  which  are,  from  a  stratigraphical  point  of  view, 
more  nearly  related  to  this  younger  series  than  to  the  members  of  the  older  Himalayan 
zone.  These  include  a  small  patch  of  beds  immediately  underlying  the  Subathu  stage 
in  western  Garhwal  to  the  east  of  the  Ganges,  and  certain  coal-bearing  beds  found 
along  the  southern  foot  of  the  Himalaya  to  the  east  of  the  Nepal  Terai.  The  first  of 
these  is  known  as  the  "  Tal  series,"  and  the  latter  comprise  a  small  fragment  of  the 
well-known  Gondwana  system  of  Peninsular  India. 

The  Tal  series  was  first  noticed  by  Mr.  H.  B.  Medlicott  in  the  valleys  of  the  Tal 

and  Bedasni  rivers,  affluents  of  the  Ganges  in  western 
**^***  '  Garhwal, J  and  was  subsequently  traced  for   some   distance 

in  an  easterly  direction  by  Mr.  C.  S.  Middlemiss.§  It  comprises  two  subdivisions  :  a 
lower  composed  of  sandstone,  some  conglomerate  and  a  black  carbonaceous  shale  con- 
taining plant  remains,  and  an  upper,  indigo-coloured,  calcareous  grit,  at  times  becoming 
a  sandv  limestone,  full  of  broken  marine  fossils.  On  normal  sections,  this  series  lies 
immediately  below  the  nummulitic  beds  of  the  Subathu  stage,  and  is  therefore  older. 


♦  D'Archiac  and  Haime :  Oroupe  nummtditique  de  rinde. 

f  C,S.  ^i^diemias:  Rec(^d8,  Geological  Survey  of  India,  Vol.  XX,  33  (1887),  Memoris,  Oeological  Survey  of 
India.  Vol  XXIV,  pt.  2  (1890). 
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whilst  the  fossils,  which  are  unfortunately  too  badly  preserved  for  complete  detennina- 
tion,  indicate  that  it  may  possibly  be  referable  to  some  part  of  the  Jurassic  system  or 
at  least  to  some  member  of  the  Mesozoic  group  of  Europe.  It  is  to  be  hoped,  however, 
that  fossils  in  a  better  state  of  preservation  may  yet  be  found  in  this  area,  and  thus 
•enable  us  to  ascertain  the  exact  age  of  this  series,  which  is  unique  in  comprising  the  only 
fossiliferous  marine  beds  of  pre-Tertiary  age  known  to  occur  in  close  association  with 
iihe  unf ossilif erous  series  of  the  Himalayan  zone. 

Along  the  southern  foot  of  the  Eastern  Himalaya,  from  the  Balasan  river,  which 

debouches  at  a  few  miles  to  the  east  of  the  Nepal  frontier 

Gondwanas      in    the     Eastern  ... 

Himalaya.  up  to  the  Dikraug  river  in  the  Daphla  hills  on  the   Assam 

border,  a  band  of  highly  crushed  coal -bearing  rocks  has  been  found,  first  by  lieutenant- 
Colonel  Godwin- Austen*  in  the  extreme  east,  and  subsequently  by  Mr.  P.  R.  Mallet  f  in 
the  Darjeeling  Terai  and  the  Duars,  by  Mr.  G.  E.  PilgrimJ  in  the  foot-hills  of  Bhutan,  and 
by  Mr.  T.  D.  LaTouche§  in  the  Aka  hills.  The  rocks  of  this  series  consist  of  sandstone, 
shale  and  coal,  which,  owing  to  the  intense  crushing  to  which  they  have  been  subjected 
during  the  building  up  of  the  Himalaya,  have  been  locally  changed  to  quartzites, 
slates  and  carbonaceous  schists.  The  coal  beds,  being  the  softest,  have  suffered  most, 
and  have  been  rendered  so  friable  that  they  crumble  mto  powder  with  the  least  handling  ; 
at  the  same  time  what  were  once  probably  continuous  beds  have  been  squeezed  out 
into  lenticular  patches ;  these  characteristics  detract  largely  from  the  economic  value  of 
the  coal-seams,  and  have  rendered  futile  all  attempts  at  mining  enterprise.  A  number 
of  fossils  have  been  found  in  these  rocks  in  the  Darjeeling  are£  and  include  such  well- 
known  genera  as  Vertebrcma  and  GlossopteriSfW  plants  eminently  characteristic  of  the 
coal-measures  of  Bengal.  On  the  whole,  the  fossils,  as  well  as  the  lithological  charac- 
ters of  the  rocks  in  which  they  occur,  offer  conclusive  proof  that  these  Himalayan  beds 
represent  the  Damuda  series  of  the  Lower  Gondwana  system.  The  importance  and 
interest  of  this  group  of  beds  are  obvious,  since  they  afford  evidence  of  the  north- 
easterly extension  of  the  old  Gondwana  continent. 

How  far  this  belt  of  Damuda  rocks  is  continuous  along  the  foot  of  the  Eastern 
^    ^  Himalaya,  it  is  at  present  impossible  to  say :  but  since  it 

Distribution  of  the  Gondwanas.         -it  •  , 

has  been  met  with  at  most  points  at  which  the  lower  hills 
have  been  visited  between  the  eastern  frontier  of  Nepal  and  the  Dikrang  river,  it  is  highly 
probable  that  its  continuity  is  practically  uninterrupted,  whilst  it  may  not  improbably 
extend  still  further  towards  the  east.  The  whole  of  the  Eastern  Himalaya,  however, 
from  the  Sankos  river  to  the  gorge  of  the  Brahmaputra  is  practically  a  terra  incogr^ita, 
in  which  much  work  of  absorbing  interest  still  remains  for  the  geographer  as  well  as  for 
the  geologist.  Towards  the  west  also  these  beds  may  possibly  extend  into  Nepal,  but 
of  this  there  is  no  evidence.     The  only  part  of  the  country  regarding  which  we  have  any 

♦  Jottm.  Ak  Soc.  Bengal,  Vol.  XLIV,  pt.  2,  35  (1875). 

t  Jfcwiotftf,  Geological  Survey  of  India,  Vol.  XI,  14  (1876). 

I  Records,  Geological  Survey  of  India,  Vol.  XXXIV,  24  (190(i). 

§  Records,  Geological  Survey  of  India,  Vol.  XVIII,  122  (1885). 

||F.  R.  Mallet :  Memoirs,  Geological  Survey  of  Indui,  Vol.  XI,  30  ( 1875,). 
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information  is  the  strip  bordering  the  road  to  Katmandu^  along  which  Mr.  Medlicott 
found  the  Siwalik  series  well  developed,  but  could  not  definitely  identify  any  part  of 
the  section  seen  by  ^inn  as  being  of  Gondwana  age.*  No  trace  of  the  latter  system  has 
been  found  anywhere  along  the  foot  of  the  Himalaya  to  the  west  of  Nepal,  the  only 
other  extra-peninsular  area  in  which  plant-beds  of  Gondwana  age  have  been  identified 
being  the  valley  of  Kashmir  (see  below,  p.  244). 


*  Meeords,  Oeoiogical  Survey  of  India,  Vol.  VTII,  93  (1875) 
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THE  HIMALAYAN  ZONE. 

The  next  great  group  of  rocks,  which  occupies  what  is  known  as  the  Himalayan 

zone,  forms  the  bulk  of  the  ranges  constituting  the  Himalaya 

Distribution  and  subdivision.  1..1         r  1.  i^ii_*  .• 

proper,  and  stretches  from  end  to  end  of  this  mountain 
chain.  To  visitors  to  the  hill  stations  it  is  the  most  familiar,  yet  at  the  same  time  the 
least  understood,  of  all  the  Himalayan  rock-groups  and  its  classification  still  constitutes 
the  greatest  and  most  insoluble  of  aU  problems  of  Himalayan  geology.  It  falls  broadly 
into  two  subdivisions,  (1)  metamorphics,  composed  of  granite,  gneiss  and  crystalline 
schists  and  (2)  a  series  of  fragmental  rocks  of  imdoubtedly  sedimentary  origin,  such  as 
slates,  quartzites,  conglomerates  and  limestones,  which,  although  frequently,  to  all 
appearance,  eminently  suited  for  the  preservation  of  fossils,  have  not  yet  yielded  to  the 
most  careful  and  repeated  search  a  single  trace  of  any  imdoubted  organic  remains. 

The  absence  of  fossils  throughout  the  Himalayan  zone  renders  it  impossible  to 
correlate,  with  any  degree  of  certainty,  the  various  rocks  of  one  area  with  those  of  another 
since  all  attempts  at  such  correlation  can  be  based  only  on  the  individual  peculiarities 
of  the  rocks  themselves,  that  is  to  say,  on  their  lithological  characters,  a  method  which, 
in  the  case  of  stratified  rocks  of  imdoubted  sedimentary  origin,  is  always  more  or  less 
unreliable  and  not  infrequently  misleading,  especially  in  areas  in  which  disturbance  and 
metamorphism  are  so  pronounced  as  in  the  central  zone  of  the  Himalaya.  The  result 
of  this  is  that,  with  rare  exceptions,  it  has  been  impossible  to  recognise  with  certainty 
the  petrographical  elements  of  one  area  in  those  of  another,  and  a  large  number  of  appar- 
ently independent  rock-groups  have  consequently  been  established,  each  under  a  purely 
local  name,  thus  giving  rise  to  a  confusing  variety  of  subdivisions,  no  two  of  which  can 
be  definitely  correlated  the  one  with  the  other.  Of  these  the  best  known  are  the  '  *  Simla 
slates  "  and  "  Carbonaceous  system  "  in  the  Simla  hills  and  Mussooree,  the  *'  Jaunsar 
system  "  in  Jaunsar-Bawar,  the  '*  Purple  slates,"  *'Deoban  limestone  "  and  ''  Vaik- 
rita  system  ' '  of  Garhwal  and  Kumaun,  the  ' '  Baxa  ' '  and  ' '  Baling  ' '  series  in  the 
Darjeeling  Himalaya  and  the  slates  and  schists  of  the  Miju  ranges  between  North- 
Eastern  Assam  and  Tibet. 

Granite  and  Crystalline  Schists. 

In  striking  contrast  with  the  amount  of  detailed  attention  that  has  been  paid  to 

the  unfossiliferous  sediments  of  the  Himalayan  zone,  the 

Crystalline  belt.  ^ 

metamorphosed  schists  and  other  crystalline  rocks  have* 
with  one  exception,  been  most  strangely  neglected.  This  has  no  doubt  been  largely  due 
to  the  fact  that  the  crystalline  rocks,  as  a  rule,  lie  in  that  *'  no  man's  land  '*  between 
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the  sedimentary  Himalayan  systems  and  the  fossilif erous  beds  of  "the  Tibetan  zone,  and 
have  thus,  owing  to  lack  of  time  and  opportunity,  failed  to  receive  attention  at  the  hands 
•of  the  respective  investigators  of  these  two  belts  of  rocks.  The  one  exception  referred 
to  IB  that  of  the  gneissose  granite  of  the  Himalaya,  which  was  most  exhaustively  studied 
hj  the  late  Lieutenant-General  C.  A.  McMahon,  whose  work  is  a  monument  of  patient 
Gneissose  granite.  investigation  and  a  brilliant  example  of  the  great  assistance 

that  can  be  rendered  by  a  non-professional  worker  in  the 
field  of  Indian  geological  research.  Of  the  many  valuable  results  of  General  McMahon' s 
work,  the  most  important  of  all  was  the  conclusive  proof  of  the  intrusive  origin  of  the 
granite,  which  had  hitherto  been  regarded  as  a  metamorphic  rock  of  ptobably  sedi- 
mentary origin,  and,  under  the  name  of  the  '*  central  gneiss,"*  had  been  described  as 
the  oldest  of  all^Himalayan  rocks,  whereas  he  was  able  to  show  that  it  was  in  reality 
-one  of  the  youngest  members  of  the  Himalayan  and  Tibetan  zones,  into  which  it  had 
l)een  intruded,  and  with  which  it  had  been  intimately  infolded,  whilst  to  it  is  due  much 
of  the  metamorphism^of  the  rocks  amongst  which  it  occurs.  The  period  at  which  the 
intrusion  of  the  Himalayan  granite  took  place  is  not  definitely  known,  but  is  usually 
'^  regarded  as    approximately  coincident  with  the    disturb- 

e  granite.  ances  to  which  the  origin  of  the  Himalaya  is  ascribed  and 

which  occurred  towards  the  end  of  the  eocene  division  of  the  Tertiary  period. 

Fragments  of  granite  have  been  found  among  the  pebbles  of  the  conglomerates 
Pre^arboniferous   granite '  of    ^^  the  old  "  Panjal"  rocks  of  Kashmir  (see  below, p.  242) 
-spiti  and  Kashmir.  |        ^ud  in  the  ''  Kuling  system  "  in  Spiti  {infra,  p.  234  ) ;  it 

is  therefore  evident  that  granite  must  have  formed  part  of  the  land  surface 
from  which  the  materials  that  make  up  these  beds  were  derived  and  must  conse- 
-quently  have  been  older  than  Carboniferous,  which  is  the  latest  date  that  can  be 
attributed  to  the  Panjals  {infra,  p.^245).  It  will  be  seen  subsequently  that  at  this 
period  the  Himalaya  did  not  exist  and  this  old  granite  must  therefore  be  excluded  from 
the  term  ' '  Himalayan. ' ' 

Three  other  granites  are  found  in  the  Himalayan  region.     The  best  known  of  these 

is  characterised  by  the  presence  of  biotite  (black  mica)   and 

Biotite-granite.  . 

the  absence  of  the  mineral  hornblende.     It  forms  almost  all 

the    high  peaks    of  the    great    Himalayan    range   {supra,  p.  44)   and  is  the  form 

commonly  understood  by   the  term    **  Himalayan   granite."     Associated  with   it  is 

another  granite  characterised  by  the  presence  of  black  tourmaline  (schorl),  plagioclase 

Schori-granite  f elspar   and  beryl ;   this   rock  occurs  in  the  form  of  bands 

intruded  into  the  biotite-granite  and  is  therefore   younger 
than  the  latter  ;  the  difference  in  age  between  the  two,  however,  is  probably  not  great,  * 
the  tourmaline-granite  being  perhaps  merely  the  residual  portion  of  the  magma  which 
still  remained  molten  after  the  separation  of  the  biotite-granite,  in  which  case  they  may 
be  regarded  as  merely  representing  two  stages  of  a  single  phase  of  Intrusion. 


•  F.  Stoliczka :  Memoirs,  Qeological  Survey  of  Indta,  Vol.  V  |ld06). 
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The  remaining  granite  differs  markedly  in  mineralogical  characters  from  both  of  the- 

foregoing  and  is  especially  characterised  by  the  presence  of 
hornblende  and  sphene.  It  was  found  to  be  common  in  the 
valleys  of  the  Brahmaputra  and  Kyi  Chu  in  the  neighbourhood  of  Lhasa*  and  has  also 
been  noticed  in  the  Upper  Indus  valley  in  La  dak,  in  Astor,  in  Gilgitt  and  again  in  the 
Hindu  Kush  in  Afghanistan.  In  Tibet  it  was  regarded  as  possibly  a  form  of  the  common 
biotite-granite  of  the  Himalaya  modified  by  the  absorption  of  lime  from  the  rocks  into 
which  it  hed  been  intruded  ;  but  the  type  has  now  been  found  to  persist  over  such  a  wide 
area  that  this  idxplanation  of  its  origin  seems  hardly  satisfactory,  and  it  should  perhaps  be 
regarded  as  a  definite  petrologieal  type.  The  age  of  the  hornblende-granite  is  not 
known  with  certainty  ;  it  has  been  shown  by  General  McMahon  to  be  older  than  the 
typical  biotite-granite  and  was  found  in  Tibet  to  be  either  later  Cretaceous  or  post-Creta- 
ceous. There  is,  therefore,  no  great  difference  in  age  between  these  granites  and  all 
three  may  possibly  have  been  derived,  by  a  process  of  differentiation,  from  the  same 
magma,  the  hornblende-granite  solidifjdng  first,  the  biotite-granite  next,  and  the  tourma- 
line-granite last  of  all.  The  result  of  this  is  that  each  of  the  two  older  is  penetrated 
by  veins  of  the  younger. 

It  has  already  been  pointed  out  {supra,  p.  44)  that  the  axis  of  the  great  Himalayan 

range,  the  line  of  highest  peaks,  lies  on  a  continuous  zone 

Extension  of  the  biotite-granite.  i  ^.i.-       i.  i^ 

of  gramte  and  associated  crystalhne  rocks :  this  belt . 
extends  for  some  distance  on  either  side  of  the  axis  and  separates  the  old  Himalayan 
sedimentary  systems  from  the  Tibetan  zone  to  the  north,  at  the  same  time  sending  out 
ramifications  in  all  directions  into  both.  Thus  the  granite  extends  down  into  Chamba 
on  the  west,  to  the  Chur  peak  between  Simla  and  Mussooree,  far  south  into  Nepal, 
Darjeeling  and  the  Chumbi  vaUey,  and  probably  composes  much  of  the  moimtains 
of  Bhutan  and  the  unknown  regions  further  to  the  •east. 

The  associated  crystalline  rocks  can,  to  a  certain  extent,  be  proved  to  be  merely  the 
Nature  and  origin  of  the  crystal-    mctamorphosed  representatives  of  the  adjacent  sedimentary 
Une  schists ;  systcms.     This  is  especially  the  case  in  the  western  part  of 

the  Himalayan  belt,  as,  for  instance,  in  the  valley  of  the  Sutlej  in  Kanawar,  where  the 
kyanite-schists  and  garnetiferous  mica-schists  bordering  on  the  fossiliferous  system  o^ 
the  Tibetan  zone  are  seen  to  pass  horizontally  into  comparatively  unaltered  beds  which 
belong  structurally  to  the  Haimanta  system  J  (see  below,  p.  232). 

Further  to  the  east,  in  Kumaun  and  Garhwal,  a  schistose  series  has  been  described 

their  distribution :  in  Kumaun    Under  the  name  of  the  Vaikrita  8ystem,§  part  of  which  id  prob- 

(Vaikrita system);  ^y^^^  ^f    similar  origin.    Still  further  eastwards, in Northem 

Sikkim  and  the  Assam  Himalaya,  this  relationship  between  the  granite  and  contiguous 
•   skkim      d  Assam  •  Sedimentary  beds  is  still  traceable,  but  such  metamotphism 

as  can  be  ascribed  with  certainty  to  the  granite  extends  to  but: 

♦  H.  H.  Hayden :  Memoirs,  Oeological  Survey  of  India,  Vol.  XXXVI,  pt.  2  (1907). 
t  0.  A.  McMahon :  Quarterly  Journal,  Geological  Society,  Vol.  LVJ»  340  (19C0). 
t  H.  H.  Hayden :  Memaire,  Geological  Survey  of  India,  Vol.  XXXVI,  pt.  1,  9  (1904). 
§  C.  L.  Qriesbach  :  Memoirs,  Geological  Survey  of  India,  Vol.  XXIII,  41,  151)  (1801). 
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~a  short  distance  from  the  intrusive  masses  of  this  rock,  and  we  are  not  justified  in 
assuming  that  such  rocks  as  compose  the  crystalline  complex  of  the  Upper  Tista  valley 
are  the  result  of  a  single  effort  of  contact-metamorphism.  These  include  such  types  as 
pyroxene-granulite,  graphitic  biotite-gneiss  and  spinel-bearing  crystalline  limestone,  all 
of  which  occur  in  the  valley  of  the  La-Chen  river  in  Sikkim,*  whilst  pyroxene-gneisses 
have  also  been  recently  found  by  Mr.  L.  L.  Fermor,  of  the  Geological  Survey,  in  the 
neighbourhood  of  the  Pindari  glacier  in  the  Almora  district  of  Kumaunf  and  presumably, 
therefore,  amongst  the  rocks  constituting  the  Vaikrita  system. 

Between  these  two  areas,  crystalline  limestone  and  other   metamorphic  rocks  are 

known  to  occur  in  the  valley  of  Nepal,  J  and  may  possibly  be 
the  representatives  of  the  rocks  of  the  La-Chen  valley  in 
Sikkim.     Crystalline  limestones  have  also  recently  been  brought  by  Mr.  Claude  White 
from  Bhutan. 

Thus  we  may  regard  the  crystalline  belt  as  composed  of  three  elements,  viz.^  intru- 
origin  and  relationships^  of  the     ^^^^  granite,  metamorphic  schists  due  probably  to  the  action 
crystalline  schists.  ^f  ^j^^  granite  ou  the  rocks  into  which  it  has  been  intruded 

and  which  it  has  partially  absorbed,  and,  lastly,  a  series  of  old  gneisses,  schists,  granulites 
and  crystalline  limestones,  of  which  the  advanced  state  of  metamorphism  cannot  be 
attributed  merely  to  the  Himalayan  granite.  These  latter  rocks,  in  fact,  bear  a  marked 
resemblance  to  certain  Peninsular  types  which  are  found  in  Madras,  Burma,  Ceylon,  the 
Central  Provinces  §  and  Rajputana,  and  which  are  referred  to  the  ArchsBan,  the  oldest 
of  all  the  Indian  rock-groups.  Far  to  the  west,  in  North-Eastern  Afghanistan,  the  Siah 
Koh  and  the  mountain  ranges  to  the  south  and  west  of  Kabul  are  either  completely 
formed  of  similar  types  or  have  a  foundation  of  these  old  rocks  upon  which  younger 
fossiliferous  beds  have  been  unconformably  deposited*  In  the  intermediate  areas 
crystalline  schists  are  found  in  Hazara,||  Gilgit  and  Kashmir,^!  and,  though  in  part 
merely  altered  representatives  of  sedimentary  beds,  probably  also  include  members  of 
the  Archaean  group. 

Thus  it  is  diflScult  to  escape  from  the  conclusion  that  the  axis  of  the  Himalayan 
chain  and  of  the  associated  ranges  to  the  west  is  in  part  made  up  of  true  represent- 
atives of  the  oldest  known  group  of  rocks,  and  that  these  are  merely  the  northerly 
extension  of  the  similar  rocks  of  the  Indian  Peninsula. 

Sedimentary  Systems. 

Throughout  the  whole  of  the  Himalaya  the  crystalline  axis  is  always  separated  by 

Sedimentary  rocks  of  the  Hima    a  belt  of  uuf ossihf erous  Sedimentary  deposits  from  the  band 

layanzone.  ^j  Sub-Himalayau  rocks  which  skirts  the  outer  foot  of  the 

*  H.  H.  Hayden  ;  Memoirs,  Geological  Survey  of  India,  Vol.  XXXVI,  pt.  2  (1907). 
t  Ibid. 

I  H.  B.  Medlicott :  Records,  Geological  Survey  of  India,  Vol.  VIII,  96  (1875). 

§  The  pyroxene  gneiss  found  by  Mr.  Fermor  near  the  Pindari  glacier  is  said  to  be  indistingaishable  from  similar 
1  rocks  from  the  Central  Provinces. 

II  C.  S.  Middlemiss :  Memoirs,  Geological  Survey  of  India,  Vol.  XXYi,  46  (1896). 
^  R.  Lydekker  :  Memoirs,  Geological  Survey  of  India,  Vci.  XXIT,  265  (1S83). 
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monntains.  On  the  west,  in  Kangra  district,  in  the  Simla  hills,  and  thence  as  far  as  the 
Nepal  frontier,  this  belt  occupies  the  greater  part  of  the  Lesser  Himalayan  ranges ;  to 
the  east  of  Nepal,  however,  the  crystalline  rocks  approach  nearer  ^o  the  plains  and  the 
width  of  the  sedimentary  belt  is  reduced  (Plate  xxxvni).  In  the  western  areas  it 
consists,  as  ahready  pointed  out,  of  a  number  of  apparently  unrelated  groups  denoted 
by  local  names,  such  as  the  **  Jaunsar  system,"  **  Carbonaceous  system,"  '*Deoban 
limestone,"  '*  Purple  slate  and  breccia  series"  and  the  **  Massive  limestone."  In 
the  east  its  component  members    are  known  as  the  ' '  Daling  ' '  and  the  ' '  Baxa  ' ' 

series,  respectively. 

Of  the  systems  of  the  western  area  the  Jaunsar  is  regarded  as  the  oldest  and  is  said 

to  lie  unconformably  on  the  beds  of  the  crystalline  belt."*" 
In  eastern  Sirmur  the  lowest  member  of  the  system  i& 
composed  of  slate  and  limestone,  overlain  by  quartzite.  Elsewhere  the  lower  beds  are 
not  seen,  and  the  quartzite  lies  directly  on  the  crystalline  rocks.  Above  the  quartzites 
is  a  series  of  beds  of  trap,  ashes  and  lava-flows,  locally  replaced  partially  by  slate  and 
Kmestone.  In  the  Bangahal  valley  and  again  in  northern  Jaunsar  a  peculiar  rock^ 
composed  of  large  boulders  set  in  a  fine-grained  matrix,  occurs  in  the  lower  beds  of  this 
s vstem :  it  bears  a  curious  resemblance  to  the  so-called  * '  boulder-slate  ' '  of  the  Blaini 
series  ( see  below,  p.  223  )  and,  like  it,  has  been  attributed  to  the  action  of  floating 
ice,  large  boulders  having  presumably  been  thus  carried  out  to  sea,  or,  at  any  rate,  into 
tranquil  water  in  which  fine-grained  deposits  were  at  the  same  time  being  laid  down* 
This  system  has  not  been  definitely  recognised  out  of  Jaunsar  and  eastern  Sirmur, 
but  it  may  be  represented  by  a  series  of  purple  slates  and  volcanic  breccia  found  in 
western  Garhwal  to  the  east  of  the  Ganges!  and  throughout  the  hills  around  Naini  TaLf 
The  Jaunsar   system  in  Jaunsar-Bawar  is  overlain  unconformably  by  a  massive 

erey  limestone  series,  which  has  been  named  the  Deoban 

Deoban limestone.  ^,    ' 

limestone  after  the  peak  of  that  name  north  of  Chakrata. 
The  same  limestone  overlies  the  purple  slate  series  of  western  Garhwal  and  Naini  Tal 
(  Plate  XLi  )  and  a  somewhat  similar  rock  has  been  observed  to  the  south-west  of  the 
Chur  peak  between  Mussooree  and  Simla,  in  the  ShaU  peak  to  the  north-east  of  Simla 
and  again  in  Kulu. 

The  systems  next  to  be  described  comprise  the  most  widely  distributed  and  most 
Simla  slates  and  Carbonaceous     readily  recoguiscd  of  all  the  Subdivisions  of  the  great  complex 
'^  of  unfossiliferous  sediments  composing  the  Himalayan  group. 

They  are  Imown  as  the  Simla  slates  and  the  Carbonaceous  system,  and  have  been  studied 
in  considerable  detail  first  by  Mr.  H.  B.  Medlicott§  and  subsequently  by  Lieutenant- 
General  C.  A.  McMahon||  and  Mr.  R.  D.  Oldham.Tf    The  area  in  which  they  were  first 


♦  R.  D.  Oldham  :  Records,  Geological  Survey  of  India,  Vol,  XXI,  131  (1888). 

t  C.  S.  Middlemijw :  Records,  Geological  Survey  of  India,  Vol.  XX,  26  (1887). 

t  C.  S.  Middlemias :  Records,  Geological  Survey  of  India,  Vol.  XXIII,  214  (1890). 

5  Memoirs,  Geological  Survey  of  India,  Vol.  Ill  (1866). 

II  Records,  GedU  gical  Survey  of  India,  Vol.  X,  204  (1877),  XIV,  306  (1881 )  XV,  34  (1882),  X\^,  36  (1883). 

T  Records,  Geological  Survey  of  India,  Vol.  XX,  143  (1887). 
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examined  and  on  which  their  description  was  based  is  that  lying  between  the  inner  edge 
of  the  Sirmur  series,  to  the  north  of  Dagshai,  and  Simla,  but  they  are  believed  to  extend 
thence  both  eastwards  and  westwards  to  beyond  Mussooree  on  the  one  side  and  into  the 
Chamba-Dalhousie  region  on  the  other. 

The  lowest  member  of  the  group    consists   of  a    series    of   slate    and    quartzite, 

well  exposed  throughout  the  ridges  and  valleys  to  the  east 
of  Simla,  and  seen  all  along  the  road  from  Sanjauji  Bazar 
to  Mashobra  as  well  as  on  the  outer  slope  of  Elysium  hill  and  the  spurs  below  the 
Mall  on  the  north-eastern  side  of  Jako  (Plate  xl)  ;  to  the  visitor  to  Simla  the  slate  is 
no  doubt  most  famihar  on  the  backs  of  coolies  toiling  up  the  steep  ' '  khud  "  sides  and 
plodding  laboriously  along  the  Mall. 

The  next  overlying  subdivision  is  that  known  as  the  Blaini  series,  so  called  from  the 

Blaini  river  below  Solan,    where    it  was  first  studied  by 

Blaini  serif  s.  ,  _  ,     .       _  _  .     . 

Mr.  Medhcott.  This  is  the  most  characteristic  and  readily 
recognised  member  of  the  Carbonaceous  system  and  has  served  as  a  means  of  correlating 
various  exposures  in  widely  separated  areas  throughout  the  Lesser  Himalayan  ranges. 
It  consists  essentially  of  a  bed  of  slate— presumably  originally  deposited  as  a  fine  mud  or 
silt — ^through  which  are  scattered  sometimes  pebbles  of  white  quartz,  sometimes  large 
boulders  of  quartzite  and  other  rocks.  The  large  size  of  these  boulders  and  the  extremely 
fine-grained  nature  of  the  matrix  in  which  they  lie  has  led  to  a  comparison  of  the  Blaini 
*'  boulder-slate  "  with  the  "till  "  or  *'  boulder  clay, "  a  characteristic  deposit  among 
the  pleistocene  or  glacial  beds  of  Europe,  and  which  was  formed  by  the  instrumentality 
of  floating  ice  during  the  Great  Ice  Age.  Were  the  till  to  undergo  severe  pressure,  such 
as  the  beds  of  the  Himalayan  zone  have  time  and  again  been  subjected  to,  th(5  result 
would  undoubtedly  be  a  rock  very  like  the  Blaini  boulder-slate  for  which  a  glacial 
origin  has  consequently  also  been  inferred.* 

The  upper  part  of  the  Blaini  series  consists  of  a  thin  band  of  limestone,  sometimes 
blue  but  typically  pink  or  buff  in  colour.  Occasionally  this  bed  is  absent,  but  in  the 
Simla  area  it  is  almost  invariably  to  be  found  above  the  boulder-slate.  A  conspicuous 
outcrop  of  the  limestone  occurs  at  Simla  in  the  steep  bank  above  the  Mall,  just  beyond  the 
Lakkar  Bazar,  whilst  the  boulder-slate  is  particularly  well  exposed  at  the  Sanjauli  corner 
beyond  the  Mayo  Institute  (Plate  xl). 

Above  the  Blaini  series  is  a  bed  of  black  carbonaceous  shale,  which,  owing  to  its 

colour,  has  frequently  been  mistaken  by  the  inexperienced 

Carbonaceous  shale.  i  j    t_        i    i  •  . 

for  coal,  and  has  led  to  many  a  vain  expectation  of  the 
discovery  of  this  mineral  in  Simla  on  the  hill-side  above  the  '*  Ladies'  Mile." 

This  is  overlain  by  a  thick  series  of  quartzite  and  schist,  known  as  the  Boileauganj 

series  in  the  Simla  area,  where  it   forms  the   greater   part 

Boileauganj  series.  in  ^  r 

of  Jako  above  the  Mall  and  underlies  most  of  the  town-f  Its 

♦  Manual  of  the  Geology  of  India,  2nd  edition,  133  (1893).     The  name  "  tillite  "  has  lecently  been  introduced 
,  for  indurated  boulder-clays  of  glacial  origin  and  pre-pleistocene  age. 

t  R.  D.  Oldham :  Records,  Geological  Survey  of  India,  Vol.  XX,  143  (1887). 
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thickness  is  very  variable,  ranging  from  only  about  20  feet  on  the  Krol  mountain  near 
Solan  to  perhaps  a  thousand  at  Simla. 

The  carbonaceous  shale  and  overlying  quartzite  and  schist  (Boileauganj  series) 
were  grouped  together  by  Mr.  Medlicott,  who  named  them  the  * '  Infra-Krol ' '  series, 
on  account  of  the  fact  that  at  the  Krol  mountain  they  underlie  a  thick  band  of  lime- 
stone which  caps  both  the  Krol    and  the    Boj,  and  which   he,  therefore,   named  the 

"Krol  limestone."     At    Simla    the    Boileauganj  series  is 
overlain  also  by  limestone,  but  with  it  are  associated  beds  of 
carbonaceous  shale  and  igneous  rocks,    including    a  garnetiferous    hornblende-schist, 
which  is  found  on  the  summit  of  Prospect  hill ;  these  igneous  beds  have  been  regarded  as 
altered  volcanic  ashes,  but  their  origin  is  very  obscure.     In  other   localities  beds  of 
basalt  have  been  found  interbedded  with  the  upper  members  of  the  Carbonaceous  system. 
To  the  east,  in  Jaunsar,  a  thick  series  of  quartzite,  which  has  been  named  the  *'Ba- 
Carbonice^us  system    in  ^^^  quartzite,"  has  >een  observed  in  the  Tons  and  Pabar 

Jaunsar.  valleys;    it  is  overlain  by  volcanic  beds,  followed  by  car- 

bonaceous slates  and  limestones,  and  has    been  taken  to  represent  the  Boileauganj 
quartzite  and  overlying  beds  of  the  Simla  area. 

Also,  in  Jaunsar,  but  not  in  direct  contact  with  the  above  series,  there  is  a  thick 

group  of  quartzite,  slate,  limestone,  conglomerate  and  boulder- 

Mandhali  series  of  Jaunsar.  o        jt         i  o 

beds,  lying  unconformably  on  the  Deoban  limestone.  These 
are  known  as  the  Mandhali  series,  and  have  been  correlated,  owing  to  the  presence  of 
boulder-beds,  with  the  Blaini  series  of  Simla.  A  very  similar  series  occurs  on  the 
eastern  flanks  of  the  Chur  moimtain,  where  it  is  overlain  by  carbonaceous  slates  and 
a  thick  formation  of  quartzite  and  schist  exactly  like  the  Boileauganj  series ;  this 
has  been  regarded  as  fairly  conclusive  evidence  in  favour  of  correlating  the  Bawars 
and  Mandhahs  with  the  lithologically  similar  series  of  the  Carbonaceous  system. 

Beyond  the  Simla  area,  towards  the  west,  beds  regarded  as  the  representatives 

Supposed    representative.       of      ^^  *^^  ^^^^  «^^^^  ^^.^  ^^^^  ^^^^  in  Chamba  ;  further  to 

the  Blaini  scries:  in    Kashmir    the    wcst,   in    Kashmir,   Mr.    Lvdckkcr    has   described    a 

and  Chitral ;  i  •  i  • 

boulder-bed  belonging  to  his  Panjal  system*  as  the  exact 
counterpart  of  the  Blaini  rock,  whilst  certain  conglomerates  and  limestones  so 
far  oft  even  as  Chitral  have  been  referred  to  the  same  horizon.f 

The  rocks  described  as  the  Panjal  system  in  Kashmir  consist  of  a  thick  series  of 
deposits  composed  of  quartzite,  slate  and  conglomerate  (boulder-beds)  below,  capped 
by  great  masses  of  volcanic  beds,  frequently  amygdaloidal,  which  represent  old  lava- 
flows.  These  are  exposed  on  the  Pir  Panjal  range,  from  which  they  take  their  name ; 
a  good  section  or  part  of  them  is  seen  along  the  cart-road,  on  the  left  bank  of  the 
Jhelum  between  Uri  and  Baramula ;  they  also  form  the  hills  on  which  Gulmarg 
stands.    The  upper  or  volcanic  part  of  the  system  composes  most  of    the  hills  sur- 


♦  Memoirs,  Geological,  Survey  of  India,  Vol.  XXII  (1883). 

t  C.  A.  McU&hon:  Qua  terly  Journal,  Geological  Society,  VoLLVI,  337  (1900),  OeologiealMagagine^  Dec.  IV. 
Tol.  IX.  7  (1902). 
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rounding  the  Kashmir  valley  on  its  northern  and  north-western  sides  from  Baramula  to 
Vihi,  and  is  particularly  well  seen  on  the  Gilgit  road  between  Bandipur  and  Tragbal  and 
in  the  immediate  neighbourhood  of  Srinagar.  In  an  easterly  direction  the  Panjal 
beds  are  said  to  extend  to  Chamba,*  where  they  include  the  beds  supposed  to  represent 
the  Blaini  series  of  Simla. 

Still  further  westwards,  in  Hazara,  a  series  of  conglomerate  and  sandstone  has 

been  described  by  Mr.  Middlemiss  under  the  name  of  *  'Infra- 
Trias,"  and  has  been  correlated  by  him  also  with  the  Blaini 
series  of  the  Lesser  Himalayat  (Plate  xlix). 

We  thus  see  that  the  unfossiliferous  sedimentary  belt  is  composed  of  a  patch- work 

Age  and    correlation    of  the    ^^  more  or  Icss  isolated  groups  of  bcds,  uo  two  of  which  can, 

Blaini  series.  ^^]^  absolute  certainty,  be  identified  one  with  the  other. 

For  the  most  part  they  consist  of  perfectly  ordinary  sediments  such  as  have  been 
formed  at  aU  times  during  the  earth's  history,  at  least  since  its  surface  was  divisible 
into  land  and  water,  and  are  still  forming  round  the  coasts  and  in  the  seas  of  the 
present  day.  Consequently,  so  far  as  these  deposits  are  concerned,  correlation  de- 
pends on  the  manner  of  association  of  the  respective  deposits  ;  thus,  quartzites  over- 
lain bv  carbonaceous  shales  and  limestones  in  one  area  are  correlated  with  a  similar 
sequence  in  another.  This  method  of  correlation  by  lithological  characters  is  unfor- 
tunately open  to  many  objections  and  cannot  be  relied  on  except  over  very  limited 
areas.  Where,  however,  a  peculiar  and  uncommon  form  of  deposit  occurs  in  two  neigh- 
bouring areas,  we  are  on  safer  ground  in  correlating  the  one  with  the  other,  and  it  is  chiefly 
this  method  that  has  been  employed  throughout  the  Himalayan  unfossiliferous  belt. 
The  Blaini  boulder-slate  is  generally  admitted  to  be  of  glacial  origin,J  and  as 
boulder-beds  of  this  character,  now  known  as  **  tiUites,'*  are  by  no  means  of 
common  occurrence,  but  have  been  formed  under  very  special  conditions,  which  are 
known  to  have  recurred  only  at  rare  intervals  in  the  history  of  the  earth,  the  Blaini 
rock  has  been  regarded  as  the  key  to  the  solution  of  the  mutual  relationships  of  the 
respective  members  of  the  sedimentary  rocks  of  the  Himalayan  zone  and,  with 
the  exception  of  the  supposed  boulder-slate  of  the  Jaunsar  system,  aU  similar  beds 
in  this  belt  have  been  referred  to  the  Blaini  series.  Nor  has  this  procedure  been  re- 
stricted to  the  rocks  of  the  Lesser  Himalaya  ;  it  has  been  extended  to  certain  supposed 
boulder-beds  found  in  Spiti,  in  the  Panjal  system  in  Kashmir,  in  the  Infra-Trias  of  Hazara 
and  even  so  far  afield  as  Chitral.  All  these  have,  by  one  observer  or  the  other, 
been  referred  to  the  Blaini  horizon,  and  this  again  has  been  correlated  with  the  well- 
known  Talchir  boulder-bed,  which  is  of  undoubted  glacial  origin  and  which  occurs  below 
f ossilif erous  deposits  of  known  age  in  the  Salt  Range  and  at  the  base  of  the  Gondwana 
system  of  Peninsular  India.  The  Blaini  boulder-slate  and  its  supposed  representatives 
in  other  parts  of  the  Himalaya  have,  therefore,  all  been  referred  to  the  Talchir  horizon, 
that  is  to  say,  to  about  the  Middle  Carboniferous  epoch  of  the  European   geological. 

*  R.  Lydekker  :  Memoirs,  Oeological  Survey  of  India,  VoL  XXII  (1883). 

t  Memoirs,  Oeohgical  Purvey  of  India,  Vol.  XXVI,  22  (1896). 

t  T.  H.  Holland:  Records,  OeologiecU  Survey  of  India,  VoL  XXXVII,  129  (1908). 
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tixne-scale.  This  method  of  endeavouring  to  fix  the  age  of  the  Blaini  boulder-slate 
and  its  supposed  representatives  is  a  perfectly  legitimate  one,  and  the  conclusions 
arrived  at  have  imtil  quite  recently  been  accepted  as  offering  a  not  improbable  solution ; 
unfortunately,  however,  the  beds  in  Spiti,  which  have  been  identified  with  the  Blaini 
rock,  have  now  been  found  to  be  perfectly  ordinary  conglomerates  with  only  a  super- 
ficial resemblance  to  tillite,  whilst  they  have  also  been  proved  by  means  of  fossils  to 
belong  to  a  horizon  considerably  younger  than  the  Talchirs.*  Again,  the  conglomerates 
of  the  Panjal  system  of  Kashmir,  as  described  by  Mr.  Lydekker,f  occur  at  sonfe  con- 
siderable distance  below  the  top  of  that  system,  and  recent  work  near  Srinagar  has  shown 
that  the  uppermost  beds  of  the  Panjal  system,  the  traps,  are  probably  older  than  the 
'Talchir  boulder-bed  ;t  consequently  the  Panjal  conglomerates  must  be  older  stilL§  Since, 
therefore,  the  correlation  of  the  Blaini  boulder-slate  with  the  conglomerates  of  Spiti  and 
Kashmir,  which  are  comparatively  near  the  Simla  area,  have  proved  erroneous,  we  must 
regard  with  suspicion  any  attempt  to  refer  to  this  horizon  beds  in  areas  so  far  off  as 
Hazara  and  Chitral.  It  must  be  admitted,  however,  that  the  wide  distribution  of  the 
Talchir  tilUte,  which  has  been  identified  both  in  AustraUa  and  South  Africa,  would 
iustifv  its  extension  to  the  Simla  area,  but  it  must  be  remembered  that  in  all  other 
areas  it  is  foimd  associated  with  fossihferous  rocks  of  known  age,  and  it  is  therefore 
extremely  difl&cult  to  account  for  the  absence  of  fossils  in  the  Blaini  series ;  this  might  no 
doubt  be  attributed  to  the  disturbance  and  crushing  to  which  the  Himalayan  group 
as  a  whole  has  been  subjected,  were  it  not  for  the  fact  that  beds  no  less  crushed  and 
altered  have  been  found  in  other  areas  to  retain  their  fossils  in  a  recognisable  state, 
whereas  the  rocks  of  the  Himalayan  zone,  although  often  apparently  enodnently  suited 
for  the  preservation  of  fossils,  have  not  yielded  so  much  as  a  trace  of  any  structure  that 
can  be  definitely  pronounced  to  be  of  organic  origin,  much  less  any  recognisable  fossils. 
We  are,  therefore,  compelled  to  conclude  that  these  rocks  are  truly  unf ossilif erous  and 
to  give  up  further  attempts  to  correlate  them  with  the  f  ossilif  erous  beds  of  known 
age  constituting  the  Tibetan  zone  to  the  north.  There  has  consequently  of  late  been 
a  general  tendency  to  look  elsewhere  for  the  representatives  of  this  great  unf ossili- 
f erous. group.  Attention  has  been  drawn  to  this  point  by  the  Director  of  the  Geologi- 
cal Survey  in  a  ** General  Report"  on  the  work  of  his  Department;  Sir  Thomas 
HoUandll  writes  — 

The  fossiliferous  character  of  the  strata  lying  on  the  northern  (Tibetan)  flanks  of  the  crystal- 
line axis  stands  in  remarkable  contrast  to  the  unfossiliferous  character  of  the  beds  which  form  the 
southern  or  Lower  Himalayan  zone.    The  persistence  of  the  northern  fossiliferous  zone  eastwards  as 


♦  H.  H.  Hayden:  Memoirs,  Geological  Survey  of  India,  Vol.  XXXVI,  61,  109  (1904). 

t  Memoirs,  Geological  Survey  of  India  Vol  XXII,  216  (1883). 

J  H.  H.  Hayden:    Records,  Geological  Survey  of  India,  Vol  XXXVI,  23  (1907). 

§  It  seems  not  improbable  that  the  Panjal  system  may  include  more  than  one  set  of  conglomerates,  namely, 
one  of  upper  Cambrian  or  lower  Silurian  (Muth)  age  {infra  p.  233),  and  another  which  occurs  at  the  base  of  the 
Permian  ;  both  of  there  are  found  in  Spiti  and  have  each  been  referred  to  the  Blaini  Doulder-slate.  If  both  of 
these  occur  in  Kashmir,  tJiere  are  firronnds  for  suspecting  that  they  may  have  been  regarded  as  one  and  the  same. 
Thi?,  however,  cannot  be  setlled  until  Kashmir  has  been  survevec'.  in  detail. 

Records,  Geological  Survey  of  India,XX\lI,  156  (1906).  ^ 
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iar  as  Sikldm,  now  established,  naturally  accentuates  this  contrast,  and  increases  the  suspicion,  which 
has  recently  been  growing  amongst  the  members  of  the  Geological  Survey,  that  the  Lower  Himalayan 
rocks,  like  those  of  Simla,  Kumaun  and  Bhutan,  are  members  of  very  ancient  systems  of  sediments, 
all  or  in  part  pre-Cambrian,  nothing  other,  in  fact,  than  northerly  extensions  of  the  Vindhyan,  Cudda- 
pah  and  similar  old  systems  of  the  Peninsula,  which  have  been  caught,  like  the  much  younger  Gond- 
wana  beds  of  Darjeeling  and  Assam,  in  the  great  earth-folds  that  have  produced  the  Himalayan  range. 
That  one,  two  or  more  stratigraphical  stages  on  the  south  could  be  unfossiliferous  whilst  their  equiva- 
ients  on  the  north  are  fossiliferous  might  be  possible  ;  that  such  an  accident  could  be  carried  through 
every  geological  epoch  from  Cambrian  to  Cretaceous  is  so  highly  unlikely,  that  we  are  driven  to  regard 
the  ingenious  and  elaborate  systems  of  lithological  correspondences,  which  have  been  propounded  to 
distribute  the  strata  of  the  Lower  Himalayan  zone  over  the  standard  fossiliferous  scale,  as  so  much 
misdirected,  though  well  intended,  mental  energy. 

That  this  solution  is  a  nearer  approximation  to  the  truth  is  becoming  yearly  more 
and  more  apparent.  It  has  already  been  pointed  out  {supra,  page  221)  that  rocks 
exactly  resembling  Archaean  types  of  the  Indian  Peninsula  and  Burma  have  been 
found  in  Sikkim,  Kumaun  and  Afghanistan,  and  it  is  not  unreasonable  to  suppose 
that  thev  will  also  be  discovered  in  the  intermediate  areas ;  furthermore,  the  Daling 
series  of  Sikkim  and  the  metamorphic  and  crystalline  rocks  of  the  Miju  ranges  at  the 
extreme  eastern  end  of  the  Himalaya  have  also  been  referred  to  weU-knowh  Peninsular 
types  *  and  we  are  thus  led  to  correlate  the  Himalayan  group  with  the  old  unfossiliferous 
and  metamorphic  beds  comprised  in  the  Archaean  and  Purana  groupsf  of  the  extra- 
Himalayan  arete,  which  include  such  systems  as  the  Vindhyans,  Cuddapahs,  Dharwars 
and  that  embracing  the  old  gneissose  rocks  of  Rajputana,  the  Central  Provinces,  Madras 
and  Burma  and  so  to  regard  this  unfossiliferous  belt  as  a  northerly  extension  of  what 
has  been  one  of  the  most  permanent,  as  it  is  one  of  the  oldest,  continental   areas  of  the 

globe. 

The  presence,  immediately  to  the  north  of  this  zone,  of  an  extensive  series  of  fossili- 
ferous marine  sediments,  further  points  to  the  conclusion 

The  Tcthys. 

that  here  lay  the  southern  shores  of  the  Tethys,  the  sea  which 
extended  over  most  of  Asia  during  Palaeozoic  and  Mesozoic  times.  Its  old  littoral 
deposits  can  still  be  traced  among  the  beds  of  the  Tibetan  zone  and  prove  that  much 
of  the  present  Himalaya  was  a  land  surface  even  in  early  Cambrian  times  (see  below, 
page  250) ;  and  the  unconformities  and  overlaps  found  at  various  horizons  in  the 
Palaeozoic  systems  are  indications  of  the  vicissitudes  through  which  this  part  of  the 
ancient  continent  has  passed. 

Exception  may  perhaps  be  taken  to  the  correlation  of  the  unfossiliferous  Himalayan 
zone  with  the  Archaean  and  Purana  groups  of  Peninsular  India  on  the  ground  of  the 
absence  from  the  latter  *  area  of  any  known  glacial  deposits  of  pre-Gondwana  age 
resembling  the  Blaini  boulder-slate.  A  somewhat  similar  rock,  however,  has  beea 
recorded  as    occurring  among  the  Purana  rocks  of  Rewa. J      Certainly  no  great  weight 


♦  J.  M.  Maclaren :  Records,  Geological  Survey  of  India,  Vol.  XXXI,  181  (1904). 
t  See  tabic  showing  classification  ol*  Himalayan  systems :  supra  p.  208. 
X  Memoirs,  Geological  Survey  of  India,  Vol.  XXXI,  132  (1901). 
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can  be  attached  to  this  observation,  since  definite  proofs  of  glacial  origin,  such  as  stri- 
ation  and  facetting  of  the  included  pebbles,  have  not  been  obtained.  It  nevertheless 
indicates  the  possibility  of  a  pre-Talchir  glacial  epoch  on  the  Indian  Peninsula.  In 
this  connection  attention  may  be  drawn  to  the  extraordinary  resemblance,  amounting 
indeed  almost  to  identity,  of  some  of  the  old  pre-Cambrian  groups  of  rocks  of  India  to 
those  of  South  Africa  :  thus  the  Dharwar  system  is  very  similar  to  the  Malmesbury 
series  of  Africa.  In  much  later  times  the  Gondwanas  of  India  find  their  exact  equivalents 
in  the  Karroo  system  of  the  Cape,  whilst  similar  mutual  resemblances  can  be  traced 
between  the  Cretaceous  deposits  of  the  two  areas.  The  intimate  relationship  of  India 
to  South  Africa  in  later  Palseozoic  and  Mesozoic  times  has  long  been  known,  *  but  it 
is  only  quite  recently  that  the  more  extensive  geological  surveys  of  South  Africa 
have  revealed  the  close  resemblance  between  the  older  rock-groups  of  the  two  areas 
and  have  shown  that  from  earliest  times  imtil  comparatively  recently  the  geological 
histories  of  the  two  areas  have  been  strikingly  similar.  Many  points  of  resemblance 
also  exist  between  the  geology  of  Australia  and  that  of  the  Indian  Peninsula  and  the 
recent  discovery  of  boulder-beds  of  undoubted  glacial  origin  below  the  Cambrian  rocks 
of  South  Airica,t  China  J  and  (?)  Au8tralia§  render  it  by  no  means  improbable  that 
glacial  conditions  existed  also  in  India  in  pre-Cambrian  times  and  left  their  record  in 
the  form  of  the  Blaini  boulder-slate. 

In  the  eastern  Himalaya,  the  unfossiliferous  rocks  are  represented  by  the   Daling 

andBaxa  series.    The  former  consists  of  green  and  grey 

Daling  series.  -n        i  •  i  •         n       i      i  p    ^ 

Silky  slate,  quartzite  and,  occasionally,  beds  of  hornblende 
schist.  These  beds  are  much  crushed  and  contorted,  and  frequently  contain  small 
deposits  of  copper-ore,  which  have  long  been  mined  in  primitive  fashion  by  the  natives 
of  the  Darjeeling  district.  The  series  occupies  the  lower  hills  between  the  crystalline 
rocks  of  DarjeeUng  and  the  Damudas  of  the  foot-hills  (Plate  xxxvm,  fig.  3) ,  and 
extends  up  along  the  Tista  valley  into  Sikkim  ;  thence  it  nins  eastwards  into  Bhutan 
and  probably  continues  through  the  unknown  ranges  on  the  north  of  Assam.  || 

In  the  foot-hills  of  Bhutan   another  set  of  rocks,  composed  chiefly  of  dolomitic 

limestone  and  quartzite  and  known  as  the  Baxa  series,  from 

Raya  series  _^ 

the  hill-station  of  Baxa,  is  found  between  the  Damudas  and 
the  Dalings.  Neither  of  these  series  has  yielded  any  fossils,  nor  have  they  any 
special  hthological  features  in  common  with  individual  members  of  the  subdivisions 
into  which  the  unfossiliferous  rocks  of  other  parts  of  the  Himalaya  have  been  grouped, 
like  these  latter,  however,  they  are  now  referred  to  the  pre-Cambrian  systems  of  the 

^  Manual  of  the  Oeology  of  India,  Ist  edition.  Vol.  I  (1879). 

f  A.  W.  Rogers  in  lOlh  Annual  Report  of  the  Oed.  Commission  of  the  Cape  of  Oood  Hope,  162  (1906). 

X  Bailey  Willis,  Eliot  Blackwelder  and  R.  H.  Sargent:   Research  in  China,  pt.  1,  267  (1907). 

§  Rev.  W.  Howchin :  Quarterly  Journal  Geological  Society,  Vol.  LXIV,  234  (1908).  The  age  of  the  »South 
Australian  tillite  here  referred  to  is  regarded  by  Dr.  Howchin  as  Cambrian*  but  all  Australian  geologists  are  not 
agreed  upon  this  point,  some  consideriDg  it  to  be  part  of  the  Permo-Carboniferous  boulder-bed  and  so  homo* 
taxial  with  our  Talchir  tillite. 


Survey 


i;  F.R.  Mallet:  Memoirs,  Oeological  Survey  of  India,  Vol.   XI,  39  (1876);    P.  N.  Bose:    Records,  Qeologicat 
^of  India,  Vol  XXIV,  217(1891). 
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Indian  Peninsula,  of  which  they  probably  constitute  merely  an  outlying  portion.  The 
metalhferous  Dalings  in  some  respects  resemble  the  Dharwars,  whilst  the  rocks  of 
the  Baxa  series  may  find  their  nearest  relatives  among  the  members  of  the  Cuddapah 
system. 

Both  the  Dahng  and  the  Baxa  series  always  appear  to  overUe  the  crushed  repre- 
sentatives of  the  Damuda  series  and  also  the  beds  of  the  Sub-Himalayan  zone,  which 
fringe  the  southern  mountain-foot.  For  this  reason  they  were  formerly  regarded 
as  possibly  younger  than  the  Damudas,  but  we  now  know  that  one  of  the  most  persistent 
features  of  the  tectonic  geology  of  the  Sub-Himalayan  zone  is  the  manner  in  which  the 
younger  formations  appear  to  dip  below  and  underhe  the  older  beds  in  the  higher  hills, 
a  feature  which  we  have  seen  to  be  due  to  recumbent  folds  and  reversed  faults ;  and 
when  we  find  that  each  higher  member  is  more  metamorphosed  and  more  crushed 
than  that  below,  we  may  safely  assume  that  the  apparent  sequence  is  the  reverse  of 
the  true  one  and  that,  as  in  the  case  of  the  Tal  series  and  associated  rocks  in  western 
Garhwal,  the  Daling  is  in  reality  older  than  the  Baxa  series  and  the  latter  older  than 
the  Damudas. 
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THE  TIBETAN  ZONE. 

The  most  northerly  of  the  three  zones  of  the  Himalaya  embraces  not  only  the- 
northern  part  of  this  mountain  range,  but  extends  far  into  Tibet  and  comprises  one  of 
the  most  complete  representations  of  the  gex>logical  record  to  be  found  in  the  world, 
ranging,  as  it  does,  from  almost  the  earliest  period  of  which  there  have  yet  been  obtain- 
ed any  unequivocal  organic  remains  down  to  the  Tertiary  epoch.  Between  these 
extreme  limits  not  a  single  period  remains  unrepresented,  for,  although  there  may  be 
local  gaps  in  one  area,  these  are  bridged  over  in  another ;  and  as  a  book  may  be  restored 
in  its  entirety  from  a  nimiber  of  incomplete  copies,  so  the  geological  record  may,  wdth  the 
exception  of  a  few  pages  at  the  beginning  and  a  few  at  the  end,  be  pieced  together 
from  the  editions  lying  open  in  the  mountains  of  Kumaun,  Spiti  and  Kashmir. 

Throughout  the  Himalaya,  this  northern,  or  Tibetan,  zone  is  met    with  almost 

everv where  immediately  behind  the  crystalline  axis — the  line 

Distribution  of   the  zone.  -    /•   ,  .  .    ,.  x  tt-        i  Tx         i. 

01  high  peaks — of  the  great  Himalayan  range.  It  embraces 
the  Ladak  and  Zangskar  ranges  with  their  intervening  troughs,  and  extends  far  to  the 
north,  probably  at  least  to  the  great  lake  basin  of  Tibet  and  possibly  as  far  as  the  Kuen 
Lun  range.  It  consists  of  a  vast  thickness — more  than  20,000  feet — of  sediments  almost 
entirely  of  marine  origin  and  represented  by  such  rocks  as  slate,  sandstone,  conglomer- 
ate and  limestone.  Along  its  southern  border  it  is  in  contact  with  the  Himalayan 
granite,  which  throws  out  branches  ramifying  through  and  metamorphosing  the  com- 
ponent members  of  the  sedimentary  zone. 

Fossils  had  long  been  known  to  occur  to  the  noith  of  the  great  Himalayan  range. 

Early  stratigraphicai  work  in  the    ^^^  sacred  ' '  saligram' '  *  of  the  Hiudus  having  been  identi- 
Himalaya.  ggj[  ^^  qj^  ammonite  related  to  those  found  in  the  Jurassic 

beds  of  Europe,,  and  as  early  as  the  year  1831,  the  presence  of  genera  common  in 
the  European  Palaeozoic  and  Mesozoic  systems  had  been  recorded  in  the  Himalaya.f 
No  systematic  work,  however,  was  undertaken  till  some  years  later,  when  General 
Sir  R.  Strachey  visited  the  Kumaun  Himalaya  and  Ngari  KhorsumJ  and  laid  the 

*  "  Saligram  "  are  ammonites  brought  into  India  chiefly  from  the  Jurassic  shales  of  Kumaun,  Ngari  Khorsnm 
and  the  uplands  of  Tibet  on  the  northern  frontier  of  Nepal.  They  are  to  be  found  in  Hindu  temples  in  India,  and 
are  also  worn  as  charms.  Among  the  Buddhists  of  Tibet  they  are  also  regarded  as  having  magical  properties  and 
are  used  in  certain  mystic  rites.  Sarat  Chandra  Das  also  drains  attention  to  the  presence  of  fossils  among  the 
offerings  to  the  gods  in  Densa-til  monastery  near  Samye  on  the  Brahmaputra  [Journey  to  Lhasa  and  Central  Tibet^ 
edited  by  W.  W.  Rockhill,  p.  299  (1904)]. 

t  Gleanings  in  Science,  Vol.  Ill,  30  (1831). 

%  Spelt  Nari  Khorsam  in  previous  parts,  but  the  more  correct  form  has  now  been  substituted.  We  have  ex- 
perienced great  difficulty  in  dealing  with  Tibetan  names,  since  no  phonetic  system  has  yet  been  universally 
adopted.  In  the  case  of  Indian  names,  we  have  decided,  for  the  sake  of  consistency,  to  adopt  the  orthography 
of  the  Imperial  Gazetteer,  but,  in  dealing  with  names  of  Tibetan  origin,  we  feel  that  this  course  would  lead  to 
needless  perpetuation  of  error  and  have  decided  to  employ  the  nearest  possible  approximation  to  the  correct 
pronounciation.  Thus,  according  to  recognised  standards  of  transliteration,  the  name  Ngari  Khorsum  is  written  in 
Tibetan  (m)Nga(h)-ri(8)  (h)Khor-(g)sum ;  the  letters  in  brackets,  being  silent  letters,  may  be  elided,  thus 
leaving  the  name  as  pronuounced — Nga-ri  Khor-sum.  In  the  case  of  Zangskar,  we  also  follow  the  Tibetan 
spelling  in  preference  to  the  form  "  Zaskar "  employed  in  the  Imperial  Gazetteer ;  the  Tibetan  form  is 
Zangs  {d)kar,  which,  in  Central  Tibet,  would  be  pronounced  Zang-kar,  but  in  Ladak  Zangskar.  This  is  very 
near  the  form  Zanskar  .sanctioned  by  long  usage,  which,  however,  has  latterly  been  discarded  for  Zaskar,  pre- 
9amably  the  nearestapproximation  to  the  Tibetan  word  that  the  Kashmiri  \s  capable  of.      [H.  H.  H.] 
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foundations  of  Himalayan  stratigraphical  geology.  He  was  followed  by  Dr.  F.  ^toliczka  V 
whose  description  and  subdivision  of  the  f  ossilif  erous  rocks  of  Spiti* — a  valley  lying  to 
the  north  of  Kulu— long  served  as  the  basis  for  the  classification  of  the  sedimentary 
rocks  of  the  Tibetan  zone.  Simultaneously  the  work  of  Lieutenant-Colonel  Godwin- 
Austen  t  and  of  Verchere J  proved  the  extension  of  this  zone  into  Kashmir,  and  the 
subsequent  surveys  of  Kumaun,  Ngari  Khorsum  and  Spiti  by  Mr:  C.  L.  Griesbach§ 
and  of  Kashmir  by  Mr.  R.  Lydekker,||  both  confirmed  and  amplified  the  results  of 
Stoliczka's  earlier  traverses,  whilst  the  publications  of  the  Geological  Survey  Department 
bear  witness  to  the  amount  of  attention  that  the  Tibetan  zone  has  received  in  recent 
years.lj  Although  much  still  remains  to  be  done,  and  we  can  hardly  claim  yet  to  have 
advanced  beyond  the  threshold  of  Himalayan  stratigraphical  investigation,  neverthe- 
less we  have  obtained  sufiicient  evidence  to  reveal  the  striking  fact  that,  throughout 
almost  the  whole  period  covered  by  that  branch  of  geology  known  as  ** Historical 
Geology" — ^that  is  to  say,  that  portion  of  the  geological  time-scale  determined  by  the 
remains  of  living  organisms—what  is  now  the  northern  slope  of  the  great  Himalayan 
range  lay  beneath  the  waters  of  a  sea,  which  extended  over  Tibet  and  stretched  at  one 
time  to  China  and  at  another  to  the  Mediterranean.  Throughout  almost  the  whole 
of  this  period,  the  sea-floor  continued  steadily  to  subside  and  thus  rendered  possible 
the  deposition  on  it  of  those  thousands  of  feet  of  sediments  which  have  now  been  raised 
once  more  into  dry  land  and  form  part  of  the  highest  mountain  range  in  the  world. 
This  great  series  of  fossihf erous  sediments  falls  into  a  number  of  natural  subdivisions 
which  are  riot  capable  of  exact  adjustment  to  those  of  the  European  scale.     Thus  the 

Correlation  of  the  syrtexns  of  ^^^^^  ^^^  ^^  division  which  is  fouud  in  Europe  between  the 
Uie  Tibetan  zone  with  those  of  PaleBOzoic  and  Mcsozoic  groups  does  not  exist  in  the  Hima- 
laya, where  beds  of  Permian  age  pass  upwards  by  perfect 
gradation  into  others  with  Lower  Triassic  fossils.  There  is  no  break  in  the  continuity 
of  the  deposits,  and  it  is  consequently  impossible  to  define  exactly  where  Palaeozoic  ends 
and  Mesozoic  begins.  Similarly,  a  well-marked  break  in  the  Indian  deposits  may  be 
bridged  over  by  a  perfectly  continuous  sequence  in  the  rocks  of  Europe,  and  it  has  now 
been  found  impracticable  to  apply  to  the  one  region  the  nomenclature  of  the  other. 
Hence  the  natural  groups  of  the  Himalayan  sequence  must  for  the  most  part  be 
recognised  as  individual  units,  characterised  by  names  of  their  own  and  referable  only 
approximately  to  European  equivalents. 

The  most  marked  break  in  the  Indian  stratigraphical  sequence  occurs  at  the  base 

Classification  of  the    deposits    ^^  ^^^  Talchir  bouldcr-bcd,  and  this  has  been  adopted  by 
of  the  Tibetan  zone.  g- j.  Thomas  HoUaud  as  a  datum  Une  for  the  classification  Jf 

all  the  post-Purana  rocks,  the  beds  found  below  this  break  being  included  in  hia 


♦  Memoirs,   Geological  Survey   of  India,   Vol.  V   (1806). 

t  Quarterly  Journal,  Geological  Society,  Vol.  XX  (1864),  XXI  (1866),  XXII  (1866). 

t  Journal,  Asiatic  Society  of  Bengal,  Vol.  XXXV  (1866),  XXXVI  (1867). 

§  Memoirs,  Geological  Survey  of  India,  Vol.  XXIII  (1891). 

II  Memoirs,  Geological  Survey  of  India,  Vol.  XXII  (1883). 

If  Pal  Indica,  Series  XV,  VoIp.  I  to  V. 
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•*Dravidian  group"  and  those  above  it  in  the  ''Aryan  group."*    These  two  divisions 

are  olearly  marked  ofi  from  one  another  in  the  Salt  Range  and  also  in  Eashmiry  but 

there  is  some  difficulty  in  demarcating  them  exe^tlj  in  other  parts  of  the  Himalaya ; 

and  in  the  present  state  of  our  knowledge  of  Himalayan  stratigraphy  the  dividing  line 

between  the  two  cannot  be  rigidly  laid  down. 

The  following  table  shows  the  subdivisions  recognised  in  the  rocks  of  the  Tibetan 
zone : — 

Table  XLI.t 


o 

o 


System  or  subdivision. 


Approximate  European 
equivalent. 


Earewas  of  Kashmir  ;  Ossiferous  Beds  of  Ngari  Khorsum  i  Pleistocene. 

StrcUigraphical  break.  ' 

NuMMULiTic  Limestone  of  Ngari  Khorsum  ;  Indus  Valley  !  Tertiary. 

TERTIARIES.  i 

Kampa  system  

Flysch   of  Ngari  Khorsum  ;  Chikkim  series  ;    Giumal     Cretaceous. 

SERIES. 


, 

(in  Kashmir) 

Zewan  stage. 

Gangamopteris  Beds. 

StrcUigraphical  break. 

o 

Panjal  Volcanics. 

—  — —      —     — 

(A 

O 

Sz; 

< 

Str 

Q 

HH 

> 

< 

F 

tf 

1    o 

Spiti  Shales  :  Jurassic  of  Southern  Tibet. 
Kioto  Limestone. 

LiLANG  SYSTEM. 
KUUNG  SYSTEM. 


Jurassic. 


Trias. 


Permian. 


(in  Spiti) 
Stratigraphical  break. 


Po    SERIES 


Kanawar 


SYSTEM. 


LiPAK  SERIES 


(in  Kumaun) 


Strati- 
graph- 
ical 


Carbonifei'ous. 


break. 


Devonian. 


MUTH  SYSTEM. 

Stratigraphical  break. 

HaIMANTA  SYSTEM. 


Silurian. 


Cambrian  and  possibly  in 
part  Pre-Cambrian. 


Haimanta  system. 


Tibetan  zone  in  Spiti  and  Kumaun  (Plates  xlhi,  xuv,  xlv). 

Haimanta  system. 
The  Haimanta  system  was  the  name  given  by  Mr.  C.  L,  GriesbachJ  to  a  series 

of  conglomerates,  quartzites  and  slates  found  in  the 
Kumaun  and  Garhwal  Himalaya  and  immediately  overlying 
the  cryst-alline  schists  of  the  Vaikrita  system.  The  passage  from  the  one 
system  into  the  other  is  often  quite  gradual  and  no  hard  and  fast  line  can  be 
drawn  between  the  two.  This  is  no  doubt  due  to  the  fact  that  the  Vaikrita  system 
consists  partly  of  sedimentary  beds  which  have  been  metamorphosed  by  the  Himalayan 

♦  T.  H.  Hollaad  :  Trans,  Afin.  and  Geol.  Inst,  of  India,  Vol.  I,  48]ld06)! 

t  See  page  272. 

{  Memoirf,  Oeolof^icai  Survey  of  India,  Vol.  XXIII  (IS91). 
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granite  and  which  are  in  all  probability  merely  the  altered  representatives  of  the  lowest 
members  of  the  Haimanta  system  (see  above,  page  220).  The  greatest  development 
of  this  system  is  found  in  the  Kumami  and  Garhwal  Himalaya,  but  it  is  also  seen  in  the 
mountains  to  the  north  of  Kulu,  in  Spiti  and  in  Lahaul.  In  Spiti,  the  uppermost 
beds  have  yielded  trilobites  similar  to  those  found  in  the  rocks  of  the  Cambrian  system 
in  other  parts  of  the  world.* 

Muik  system. 

The  beds  of  the  Haimanta  system  are  overlain  by  a  group  of  beds  named  by  Sto- 
Corai    limestone    and  congio-    liczka  the  "Muth  Series."     In  Kumauu  and  Garhwal  the 
"*'**^-  lowest  member  is  a  dark  coral  limestone  with  imperfect  fos- 

sils, said  to  be  of  Ordovician  age ;  this  subdivision  is  not  found  in  Spiti,  the  slates 
with  Cambrian  trilobites  being  overlain  unconformably  by  a  conglomerate  composed 
of  pebbles  of  the  underlying  rocks.     The  next  bed,  both  in  the  eastern  and  western 

sections,  is  a  red  quartzite,   the  colour  of  which   is  verv 

Red  quartzite.  .  (..!•• 

persistent  and  serves  as  an  unfainng  guide  to  the  recog- 
nition of  this  subdivision ;     it  contains   no  determinable   fossils,  but  is   overlain  by 
liferous  limestone  limestouc    with  corals— including  the  very    characteristic 

species  Halysites  catenvlaria — ^trilobites  and  brachiopods, 
such  as  occur  in  the  Silurian  rocks  of  Europe.  Above  this  is  a  remarkable  band  of 
white  quartzite,  which  is  a  constant  feature  in  Himalayan  sections  of  this  part  of  the 

fossiliferous  series.     It  is  known   as   the  Muth  quartzite, 
"    ^     ^^'  from  the  village  of  Muth  in  Spiti.     At  its  base  are  some  thin 

bands  of  darker  quartzite  containing  a  brachiopod  [Pentamerus  (?)  oblongus]  probably 
identical  with  a  species  common  in  the  upper  part  of  the  Gothlandian  of  Europe.  No 
fossils  have  been  found  in  the  main  mass  of  the  quartzite,  which  may  be  of  either  Goth- 
landian or  Devonian  age  and  probably  represents  a  part  of  each  system. 

Kanawar  system. 

In  parts  of  Spiti,  but  not  in  the  more  easterly  sections  of   Kumaun  and  Garhwal, 

the  Muth  quartzite  passes  up  into  a  thick  series  of  limestone 
ipa  series.  ^^^  shale  containing  at  the  base  fossils  which  are  possibly 

of  Devonian  age,  but  in  its  upper  beds  a  rich  fauna  characteristic  of  the  lower  Carboni- 
ferous (Mountain  Limestone)  of  Europe.  This  is  overlain  by  about  2,000  feet  of  shale 
and  quartzite  containing  two  important  fossiliferous  horizons,  the  lower  of  which  has 

yielded  plant  remains    and   the  upper  is  characterised  by 

great  numbers  of  Bryozoa,  amongst  which  the  genus  FenesteUa 

is  particularly  common :    this  bed  has  consequently  been  named    the    '  'FenesteUa 

shales/ 't    It  corresponds  in  age  with  the  Upper  Carboniferous  of  Europe.     These  two 

groups  of  beds,  the  limestone  series  and  the  shale  and  quartzite,  have  only  been  found 

• 

♦  H.  H.  Hayden;    Memoirs,  Geological  Survey  of  India,  Vol.  XXXVI,  pt.  1  (1904). 

t  ^^' 
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completely  developed  in  Spiti  and  Kanawar,  being  absent  from  Garhwal  and  Kumaun« 
The  lower  series  is  very  well  exposed  in  the  valley  of  the  Lipak  river  near  Lio,  a 
village  on  the  right  bank  of  the  Spiti  river  just  above  its  confluence  with  the  Sutlej  ; 
it  has  consequently  been  named  the  Lipak  series,  whilst  the  upper  beds,  the  shales  and 
quartzites,  are  known  as  the  'To  series,"  after  the  village  of  Po  in  lower  Spiti.  For 
convenience  of  reference  the  two  may  be  grouped  together  under  the  name  * '  Kanawar 
system. ' ' 

The  top  of  the  Po  series,  which  corresponds  approximately  with  the  end  of  the 
Carboniferous  period  in  Europe,  marks  an  important  epoch  in  the  stratigraphical  his- 
tory of  the  Spiti  and  Kumaun  Himalaya.  The  shales  and  quartzites  pass  upwards 
into    conglomerates    composed    of    rolled  boulders  of  limestone,  slate,  quartzite  and 

Break  in  continuity  of  deposits  granite  derived  from  the  erosion  of  the  various  older  rocks, 
abo7e  the  Kanawar  system.  g^^j^  g^g  ^j^^  p^  quartzitcs,  Lipak  Umestoncs  and  mem- 
bers of  the  Haimanta  system.  It  is  thus  clear  that  before  the  deposition  of  this 
conglomerate  parts  of  the  sea-floor,  on  which  the  older  systems  had  been  laid 
down,  were  raised  up  to  form  dry  land,  which  then  underwent  erosion.  Similar  con- 
ditions prevailed  throughout  Garhwal  and  Kumaun  and  may  have  extended  even 
further  east,  but  the  whole  of  the  Nepal,  Bhutan  and  Assam  Himalaya  is  still  unsur- 
veyed  and  we  know  practically  nothing  of  the  geological  conditions  to  the  east  of  Kum- 
aun.    A  group  of  beds,  which  has  been  described  as  the  Dothak  series,*  at  the  lower  end 

of  the  Phari  plain,  may  possibly  cover  a  part  of  this  period, 

Dothak  series    in    Tibet  i  -t  ,    e       -i       f  •        j.  i     j.i_  ^r  c   .i 

whilst  fossils  of  approximately  the  same  age  as  those  of  the 
Fenest^lla  shales  have  been  found  in  rolled  boulders  in  the  gorge  of  the  Subansiri  in 
Assamf  and  thus  afford  evidence  of  the  presence  of  fossiliferous  beds  somewhere  in 
iihe  catchment  area  of  that  river,  but  their  relations  to  such  older  and  younger  beds 
as  may  be  present  are  completely  unknown. 

In  the  Kimiaun  and  Garhwal  Himalaya  the  whole  of  the  Po  series,  as  well  as  the 
Absence  of  Kanawar    system    ^V^^  series,  is  Wanting,  and  the  overlying  beds  rest  usually 
from  Kumaun.  qj^  q^ j^  eroded  Surface  of  the  Muth  quartzite  or,  more  rarely, 

on  the  underlying  limestone.  In  Spiti  and  Kanawar  extensive  erosion  took  place 
throughout  the  greater  part  of  the  area  before  the  deposition  of  the  conglomerate 
which  occurs  above  the  Po  series,  but  at  both  the  upper  and  lower  ends  of  the  Spiti 
valley,  the  Lipak  series  and  the  Po  series  have  been  preserved. 


Kvling  system. 

The  next  overlying  series  was  first  observed  in  Spiti  by  Stoliczka,  who  named  it 
the  Killing  series.}    It  consists  of  conglomerate  at   the  base  overlain  by  calcareous 

♦  H.  H.  Hayden:    Memoirs,  Geological  Survey  of  India,  Vol.  XXX VI,  part  2  (1907). 

t  J.  M.  Maclaren :  Records,  Geological  Survey  of  India,  Vol.  XXXI,  186  (1904) :  C.  Diener :  ibid,  Vol.  XXXII. 
189(1905). 

X  Memoirs,  Geological  Survey  of  India,  Vol.  V,  pt.  1  (1806). 
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sandstone  which  is  covered  in  turn  by  a  bed  of  black  shale — about  150  feet  thick — known 
^as  the  *  *  Productus  shales  "  *  on  account  of  the  predominance  in  it  of  brachiopods, 
which  were  originally  referred  to  that  genus.    In  Kumaun  and  Garhwal  the  presence 

of  the  conglomerate  and  overlying  calcareous  sandstone  has 

Productus  shales.  ■■  -111  i-r\i 

not  been  recorded,  but  the  Productus  shales  appear  to  lie 
directly  on  one  or  other  horizon  of  the  older  systems.  The  fossils  of  the  Productus 
shales  are  numerous  and  well  preserved,  and  this  horizon,  together  with  the  underlying 
sandstone  and  conglomerate,  is  regarded  as  approximately  equivalent  to  the  Permian 
Bystem  of  Europe. 

Lilang  system. 

The  next  overlying  beds  show  a  distinct  change  both  in  the  character  of  the  com- 
ponent  rocks  as  well  as  in  the  fauna  that  they  contain ;  for  whereas  the  predominant 
elements  of  the  Kuling  system  are  shallow- water  coastal  deposits,  such  as  conglomerate, 
sandstone  and  shale,  containing  the  remains  of  brachiopods.  the  next  group  of  beds 
consists  chiefly  of  limestone,  deposited  for  the  most  part  in  deeper  water  beyond  the 
reach  of  the  sand  and  mud  derived  from  the  neighbouring  land.  The  fauna,  too, 
comprises  chiefly  ammonites,  with  only  a  comparatively  small  percentage  of  brachio- 
pods. The  change,  though  rapid,  is  by  no  means  abrupt ;  marine  conditions  still 
prevailed,  but  the  sea-bottom  slowly  subsided  and  what  was  formerly  a  comparatively 
shallow- water  area  now  became  deeper  and  further  removed  from  the  shore.  There 
was  no  interruption  of  continuity  of  deposition  on  the  sea-floor  nor  any  sudden  change 
in  the  character  of  the  deposits.  It  is  consequently  impossible  in  the  Himalaya  to  draw 
any  hard  line  between  the  top  of  the  Palaeozoic  group  and  the  base  of  the  Mesozoic, 
the  passage  from  one  to  the  other  being  perfectly  gradual.  The  Productus  shales 
pass  up  into  an  alternating  series  of  thin  bands  of  shale  interbedded  with  equally 
thin  bands  of  impure  limestone ;  as  the  series  is  followed  upwards,  the  calcareous 
element  increases  and  the  shale  disappears  and  thence  there  extends  to  a  ver- 
tical thickness  of  over  6,000  feet  a  perfectly  uninterrupted  group  of  deposits  of  which 
the  predominant  rock  is  limestone,  with  subordinate  bands  of  shale  and  sandstone. 
This  vast  series  of  marine  sediments  comprises  representatives  of  all  the  members 
of  the  Mesozoic  group  of  Europe,  which  can  be  readily  identified  by  means  of  the  numer- 
ous fossils  that  they  contain.  The  most  important  subdivision,  both  in  point  of  thick- 
ness as  well  as  of  fossil  contents,  is  the  Lilang  system,  which  is  over  3,000  feet  thick 
in  Spiti  and  rather  less  in  the  Kumaun  and  Garhwal  Himalaya.  The  base  of  this 
system  is  regarded  as  lying  immediately  above  the  Productus  shales  and  beneath  a 
thin  band  of  limestone  known  as  the  Otoceras  zone,  so  called  from  the  prevailing  genus 
of  ammonite  found  in  it.  The  lower  beds  of  the  Lilang  system  correspond  to  the  Lower 
Trias  of  Europe  and  possibly  in  part  to  the  uppermost  subdivision  of  the  Permian 
system.  They  consist  of  thin  bands  of  limestone  and  shale,  passing  upwards  into  a 
thick  bed  of  nodular  limestone.     Part  of  this  latter  bed,  together  with  a  series  of  bands 


♦  Memoira,  Oeoloffical  Survey  of  India,  Vol.  XXIII,  66  (1891) ;   XXXVI,  pt.  1  (1904), 
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of  limestone  separated  by  thin  partings  of  shale,  represents  the  Muschelkalk  of  Europe, 
whilst  the  remainder  of  the  Middle  Trias,  the  Ladinic  stage  of  Europe,  is  represented 
by  shale  and  limestone  containing  the  characteristic  European  fossil  DaoneUa  lommdi. 
Above  this,  again,  are  representatives  of  the  carnic  and  juvavic  stages  of  the  Upper 
Trias  (for  correlation  see  below,  p.  239). 

Kwto  Limestone. 

From  Spiti  eastwards  as  far  as  the  western  frontier  of  Nepal,  the  Zangskar  range 
,,.     , .  is  usuallv  capped  by  a  great  mass  of  limestone,  over  2,000 

Kioto  Limestone.  "... 

feet  in  thickness,  which  is  for  the  most  part  unfossiliferous, 
but  the  uppermost  beds  contain  a  rich  Jurassic  fauna,  whilst  those  at  the  base 
contain  bivalves  {MegcUodon  and  Dicerocardium)  characteristic  of  the  Upper  Trias. 
The  upper  part  was  named  by  Stoliczka  the  "  Tagling  limestone  "  and  the  lower  the 
"  Para  limestone,"  of  which  the  Tagling  was  intended  to  represent  the  Jurassic,  and  the 
Para  the  Triassic,  part.  Like  most  of  the  other  Himalayan  formations,  however,  this 
limestone  mass  cannot  be  subdivided  according  to  the  European  scale  ;  it  is  a  well- 
charct^rised  stratigraphical  unit  in  which  it  is  impossible  to  say  where  the  Triassic  part 
ends  and  the  Jurassic  begins.  It  is  therefore  necessary  to  have  a  single  name  for  it,  and 
in  recent  publications  of  the  Geological  Survey  it  has  been  referred  to  as  the  ''  Grey  Lime* 
stone,"  *  in  which  term  was  included  the  whole  limestone  mass  between  the  top  of  the 
Quart2dte  series  of  the  liilang  system  and  the  base  of  the  Spiti  shales.  Unfortunately  the 
term  "  Grey  limestone  "  had  already  been  applied  to  a  subdivision  of  the  Nummulitio 
series  in  Ha^ara  t  and  to  employ  it  also  for  the  limestone  of  Spiti  and  Kumaun  would 
lead  to  confusion.  The  latter  might  appropriately  be  called  the  "  Kioto  limestone,"  as 
it  is  well  seen  in  the  cliffis  behind  Kioto  in  upper  Spiti.  Of  its  two  subdivisions  the  name 
Para  stage  is  restricted  to  the  beds  containing  Megalodon  and  latterly  known 
as  the  "  Megalodon  limestone,"  t  whilst  the  Tagling  stage  includes  all  the  rest. 

All  the  subordinate  stages  of  the  European  Trias  have  been  recognised  by  their 
fossils,  but  the  perfect  continuity  from  base  to  summit  of  the  stratigraphical  sequence 
of  the  Mesozoic  group  in  the  Himalaya,  where  a  single  mountain-side  not  infrequently 
affords  a  complete  section  from  the  Productus  shales  to  the  top  of  the  Spiti  shales, 
renders  it  impossible  to  define  the  exact  limits  corresponding  to  those  of  the  stages 
of  the  European  Trias.  The  classification  of  the  Himalayan  sequence  is,  therefore, 
based  on  the  natural  subdivisions  of  its  component  beds  which,  according  to  their  fossil 
contents,  can  be  approximately  referred  to  their  European  equivalents.  Such  corre- 
lation is  facilitated  by  the  large  number  of  characteristic  European  species,  particulariy 
of  ammonites,  found  also  in  the  Himalayan  Trias.  The  generial  resemblance  of  the 
fauna  of  the  Trias  of  the  Himalaya  to  that  of  the  Alps  is  indeed  so  great  as  to  lead  to  the 


♦  A.  von  Krafft :  Memoirs,  Geological  Survey  of  India,  Vol.  XXXII,  pt.  3  (1902) ;  C.  Diener :  Pal.  Indica,  ser. 
XV,VoL  V,  No.  3  (1908). 

t  C.  S.  Middlemiss :  Memoirs,  Geological  Survey  of  India,  Vol.  XXVI  (18»(>). 

J  H.  H.  Haydcn  :  Memoirs,  Geological  Survey  of  India,  Vol.  XXXVI,  pt.  1  (1904) ;  C^Dionbr :  op,  cit. 
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eonclusion  that  during  the  Triassic  epoch,  the  sea,  known  as  the  Tethys,  which  extended 
over  much  of  Asia,  was  continuous  with  that  in  which  the  Trias  of  the  Alps  was  being 
laid  down,  and  that  thus  intercommunication  took  place  between  these  two  areas. 

Spiti  shales. 

In  Spiti,  as  weU  as  in  the  Garhwal  and  Kumaun  Himalaya,  the  steep  limestone 

cUfis  (Kioto  Limestone)  of  the  Zangskar  range  are  usually 

Spiti  shales.  ^ 

capped  by  undulating  downs  covered  with  black  friable 
shales.  These  are  known  as  the  Spiti  shales  and  have  yielded  large  numbers  of  ammonites 
and  belemnites  of  Upper  Jurassic  type.* 

Giumal  and  Chikkim  series. 

Here  and  there,  resting  on  the  Spiti  shales,  lie  beds  of  sandstone,  occasionally  capped 

by  Umestone  and  shale  ;  these  are  known  as  the  Giumal  sand- 

Giumal  and  Chikkim  series.  ,  /yi  n  i  •       v  .  i   />n  -i  i  •         t     i  .      , 

stone,  Cmkkim  umestone,  and  Chikkim  shales,  respectively, 
and  have  been  so  named  after  the  villages  of  Giumal  and  Chikkim  in  Spiti ;  they 
have  yielded  few  fossils,  but  such  as  have  been  found  are  of  Cretaceous  age.f 

Classification  of  the  Aryan  and  Deavidian  systems  of  the  Tibetan  zone  in 

Spiti  and  Kumaun. 

The  above  short  description  of  the  Palaeozoic  and  Mesozoic  rocks  of  the  Tibetan 
zone  is  based  on  their  development  in  Spiti  and  in  the  mountains  of  Kumaun  and 
Garhwal,  in  which  areas  they  have  been  studied  in  greater  detail  than  elsewhere,  whilst 
the  sequence  from  the  base  of  the  Haimantas  to  the  Chikkim  shale  is  the  most  complete 
and  continuous  yet  observed  in  any  part  of  the  Himalayan  region.  Even  in  these  areas, 
however,  much  still  remains  to  be  done,  especially  in  the  direction  of  a  detailed  study 
and  Subdivision  of  the  Kioto  Limestone  which  embraces  the  uppermost  Trias  and 
the  greater  part  of  the  Jurassic  system. 

The  change  from  limestone   to   Spiti   shales  and   Giumal   sandstone   marks   the 
^  ,    ,  ^  K   .    •        beginning   of   a  new   phase   in  the    geological  history  of 

End  of    marine  and  beginning        ,        tt-        i  o  o  J     ^'^ 

of  continental  phase  in      the    the   Himalaya  and   Tibet.     The  Tethys  gradually  began 

Himalayan  area.  .  i-x  ii  ^  .-ii  , 

to  recede,  its  southern  shores  crept  slowly  northwards  and 
areas,  which,  throughout  almost  the  whole  of  the  Triassic  and  lower  Jurassic  periods, 
had  lain  beneath  a  clear  and  tranquil  sea,  were  now  brought  within  reach  first  of 
mud  and  silt  and  then  of  sand  and  grit  carried  down  by  rivers  from  the  south. 
Gradually  the  sea  retreated  until  the  northern  ranges  of  the  Himalaya  and  the  whole 
of  Tibet   became  a  continental  area.    During  the  progress  of  this  change,  however 


•  F.  Stoliczka  :  Memoirs,  Geological  Survey  of  India,  Vol.  V.  (1865) ;  V.  Uhlig :  Pal.  Indica.  ser.  XV,  Vol.  IV 
(19;)3V 

t  F.  Stoliczka :  op.  cU,  • 
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deposition  continued  for  some  time  in  Ladak,  Ngari  Khorsum  and  Central  Tibet ;  the 
deposits  thus  formed  are  of  lower  Tertiary  age  and  are  partially  marine  and  partially  o£ 
fresh- water  or  estuarine  origin.  The  former  are  found  in  Tibet  and  in  Zangskar  and  the 
latter  in  the  Indus  valley  in  Kashmir.  In  Zangskar  these  Tertiary  beds  are  repre- 
sented by  a  mass  of  nummulitic  limestone  found  at  an  elevation  of  18,500  feet  on 
the  peaks  above  the  Singhgi  La,*  whilst,  further  east,  nummulitic  limestone  is  said  by 
Mr.  Griesbach  to  overhe  the  Cretaceous  beds  in  Ngari  Khorsimi,  to  the  north-east  of 
the  Niti  Pass.t  The  Tertiary  rocks  of  the  Upper  Indus  vaUey  and  of  the  more 
easterly  portions  of  Tibet  will  be  referred  to  subsequently  (infray  p,  245). 

None  of  these  beds  are  younger  than  eocene,  the  oldest  subdivision  of  the  Tertiary 
system,  and  they  thus  furnish  us  with  an  approximate  date  for  the  close  of  the  marine, 
and  the  opening  of  the  continental,  phase  in  the  history  of  the  Indo-Tibetan  area ; 
this  date  may  be  placed  in  the  latter  part  of  the  eocene  period  of  the  Tertiary  epoch. 
The  crustal  disturbances  which  then  took  place,  resulting  in  the  rise  of  the  land  and 
retreat  and  disappearance  of  the  sea,  were  accompanied  by  great  volcanic  activity, 
evidences  of  which  are  now  to  be  seen  in  the  lava-flows  associated  with  the  Tertiary 
deposits  and  in  the  dykes  of  intrusive  rock  found  cutting  through  all  the  older  sedi- 
mentary deposits. 

The  annexed  table  shows  the  detailed  classification  of  the  Aryan  and  Dravidiaa 
rocks  of  Spiti  and  Kimiaun.j: 


The  "  Exotic  Blocks  "  of  Malla  Johar  (Plate  xlvi). 

Before  passing  on  to  discuss  the  development  and  distribution  of  the  Palaeozoic 
and  Mesozoic  beds  in  other  parts  of  the  Himalaya,  it  is  necessary  to  refer  to  a  very  pecu- 
liar group  of  detached  blocks  of  limestone  and  other  rocks  found  in  the  extreme  north 
of  Kumaun  on  the  Indo-Tibetan  frontier  and  beyond  in  Ngari  Khorsum  (Hundes).  The 
culminating  ridge  of  the  Zangskar  range  in  Malla  Johar  and  the  northern  slopes  of  the 
same  range  at  Chitichun  in  Ngari  Khorsum  are  composed  chiefly  of  Spiti  shales  overlain 
by  a  sandstone  formation  (the  equivalent  of  the  Giumal  sandstone  of  Spiti)  which  passes 
upwards  into  a  series  of  sandstone  and  shale  (probably  of  Cretaceous  age)  exactly  resem- 
bling the  European  ''  Flysch."  Overlying  these  and  resting  sometimes  on  the  Spiti 
shales  and  sometimes  on  the  flysch,  and  inextricably  mixed  with,  and  embedded  in,  masses 
of  andesite  and  other  basic  volcanic  rocks,  are  innumerable  blocks  of  sedimentary  rock, 
varying  in  size  from  mere  pebbles  to  masses  of  many  thousand  cubic  yards  in  volume. 
Blocks  of  limestone,  sandstone,  Spiti  shale  and  flysch  he  scattered  through  the  volcanics 

♦  T.  D.  LaTouche  :  Records,  Qeciogieal  Survey  of  India,  Vol.  XXI,  160  (1888). 
t  Memoirs,  Geological  Survey  of  India,  Vol.  XXIII  (1891). 
X  A.  von  Krafft :  General  Report,  Geological  Survey  of  India,  1899-1900  (1901) ; 
H.  H.  Hayden :  Memoirs,  Geological  Survey  of  India,  Vol.  XXX VI,  pt.  1  (1904) ; 
:  C  Dienor :  Pal  Indica,  ear.  XV,  Vol.  V,  No.  3  (1903). 
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with  no  trace  of  regularity  or  arrangement,  whilst  the  jumble  becomes  the  more  con- 
fused when  the  fossiliferous  character  of  certain  of  the  blocks  reveals  the  striking  fact 
that  almost  every  stratigraphical  horizon  from  Permian  to  uppermost  Cretaceous  jSnds 
its  representative  in  one  or  other  individual  block.  Unfossiliferous  blocks  prevail, 
but  those  which  contain  fossils  have  yielded  specimens  both  sufficiently  numerous  and 
sufficiently  well  preserved  to  leave  no  room  for  doubt  as  to  the  particular  horizon  to 
which  each  belongs.    When,  however,  we  compare  them  with  the  corresponding  horizons, 

.  of  the  typical  Palaeozoic  and  Mesozoic  sequence  of  Spiti  and  Kumaun,  they  are  found  to 
show  a  very  marked  difference  both  in  their  physical  character  and  in  the  fauna  that 
they  contain.     Thus  the  curious  fact  is  revealed  that  in  one  and  the  same  area,  and. 

'  almost  in  contact  with  one  another,  there  are  two  distinct  facies  of  Permian,  Triassic 
and  Jurassic  rocks,  the  one  being  the  typical  Spiti-Kumaun  facies  and  the  other  that  of 
the  exotic  blocks.  The  latter,  therefore,  cannot  be  merely  fragments  of  the  underlying 
beds  which  have  been  brought  into  their  present  anomalous  position  on  the  top  of  beds 
younger  than  themselves  by  a  simple  process  of  faulting  to  which  the  origin  of  certain; 
of  the  European  "  Klippenziige "  or  "blocs  exotiques  "  has  been  ascribed;  but 
they  must  have  been  transported  from  some  other  area,  where  the  upper  Palaeozoic 
and  Mesozoic  facies  is  different  to  that  of  the  typical  Tibetan  zone.  Such  an  area  may 
possibly  be  found  to  lie  to  the  north,  in  Ngari  Khorsum,  which  is  still  a  terra  incognita^ 
but  perhaps  contains  the  solution  of  one  of  the  most  interesting  problems  of  Indian 
stratigraphical  geology. 

The  invariable  association  of  these  exotic  blocks  with  great  masses  of  lava  and  other. 
Mode  of  origin  of  the    exotic    volcauic  rocks   of  sub-aerial  origin  affords   a  clue   to  the 
\  ^^°*^^'  manner  in  which  they  have  been  transported  to  their  pre-' 

sent  position.  During  the  great  outburst  of  volcanic  activity  which  took  place 
throughout  the  northern  parts  of  the  Himalaya  and  in  western  Tibet  in  early  Tertiarv 
times,  these  blocks  were  torn  by  the  disruptive  forces  from  their  parent  mass  and 
carried  on  the  lava-flows  far  to  the  south  of  their  original  home.* 

( 

The  Tibetan  zone  in  the  Eastern  Himalaya  (Plate   xlvii). 

We  shall  now  try  to  follow  the  Tibetan  zone  from  the  typical  areas  of  Spiti  and 
Kumaun  into  other  parts  of  the  Himalaya.  We  have  already  seen  that  in  these  two 
:  districts  the  only  points  of  difference  in  the  oldest  (Dravidian)  group  of  the  fossiliferous 
:  rocks  is  the  absence  from  Spiti  of  the  Lower  Haimanta  conglomerate  and  of  the  coral 
limestone  which  occurs  at  the  base  of  the  Muth  system  in  Kumaunf  and  the  presence 
iu  lower  Spiti  of  an  extensive  series  of  beds,  the  Kanawar  system,  J  which  has  not 
been  found  in  any  part  of  Kumaun. 


;  *  a.  vonKrafft:  Memoirs,  Oeological  Svrt>eij  of  India,  Vol.  XXXII,  pt.  3  (1902).  For  other  Jiterature  on  the 

,  subject,  of  the  Exotic  blocks  see  Records,  Geological  Survey  of  India,  Vol.  XXVI,  19  (1893),  Denksthr.  d.  k.  Alcad 
i  Wicn.,  LXII,  533  (1895);  Memoirs,  Geological  Survey  of  India,  Vol.  XXVIII,  1  (1896);  Pal  Indica  ser  XV ' 
;  Vol,  I,  pt.  3  (1897) ;  Vol.  II,  pt.  3.  '       '        "I 

!         t  Memoirs,  Geological  Survey  of  India,  Vol.  XXIII  (1891) ;  XXXVI,  pt.  1  (1904). 

X  Memoirs,  Geological  Survey  of  India,  VoL  XXXVI,  pt.  1  (1804).  ... 
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The  development  of  the  Aiyan  group  is  almost  identical  in  the  two  areas,  but  in 
Kumaun  the  Lilang  system  is  not  quite  so  thick  as  in  Spiti.  As  the  Tibetan  zone  is 
followed  south-eastwards  towards  Nepal,  this  thinning  out  of  the  Lilang  system  (Trias) 
is  very  marked,  the  total  thickness  in  Byans  being  only  2,000  feet  as  compared  with  over 
3,000  feet  in  Spiti.  East  of  Kimiaun  practically  nothing  is  known  of  the  Tibetan  zone 
until  we  reach  the  northern  frontier  of  Sikkim,  where  there  is  a  very  extensive  develop, 
ment  of  Jurassic  beds,  which  appear  to  cover  almost  the  whole  of  this  part  of 
Tibet  from  Sikkim  and  Bhutan  on  the  south  to  beyond  Lhasa.  The  limestones  of  the 
Lhonak  range,  north  of  Kinchinjunga,  and  a  small  group  of  limestones  at  the  south- 
eastern edge  of  the  Phari  plain,  probably  represent  parts  of  the  Trias  and  the  Lias  of 
Europe,  and  the  hills  which  run  from  Kam-pa  Dzong  to  Tuna  contain  an  interesting 
group  of  limestone  and  shales  (Eam-pa  system)  of  Cretaceous  and  Lower  Tertiary  age.* 
The  fossihferous  boulders  of  Permo-Carboniferous  age,  found  near  the  mouth  of  the 
Subansiri  river  in  Assam,  have  already  been  referred  to  {suprUj  p.  234). 

Thus  we  see  that  little  is  known  of  the  Tibetan  zone  to  the  east  of  Kumaun,  but 
it  is  highly  probable  that  Mesozoic  rocks  (chiefly  Spiti  shales  and  other  Jurassic  beds) 
run  continuously  eastwards  along  the  northern  frontiers  of  Nepal  and  Bhutan,  possibly 
even  as  far  as  the  gorge  of  the  Brahmaputra. 

Kashmir  and  the  Western  Himalaya  (Plate  xlviii). 

Returning  once  more  to  our  central  area  and  proceeding  north-westward  and  west- 
ward from  Spiti,  we  find  an  extensive  development  of  the  Tibetan  zone  in  Kashmir. 
Li  the  year  1883  Lydekker  published  an  account  of  the  geology  of  Kashmir  and  adjoin- 
ing territories,!  based  on  his  own  surveys  and  upon  the  work  of  previous  observers, 
amongst  whom  the  names  of  Drew,  J  Godwin- Austen,§  Verchere  i|  and  Stoliczka  ^ 
are  conspicuous.  This  work  was  completed  before  detailed  surveys  of  Spiti  and  Kumaun 
had  been  carried  out  and  his  classification  of  the  rock-groups  of  Kashmir  is  on  broader 
lines  than  that  since  adopted  for  the  latter  areas.  He  recognised  four  main  systems  in 
the  rocks  of  Kashmir,  viz.  (1)  "Tertiary,"  (2)  "Zanskar,"  (3)  "  Panjal,"  and  (4)  "Crys- 
talUne  and  Metamorphic." 

« 

The  crystalline    and  metamorphic  rocks,    which  consist  of  granite,    gneiss  and 

schist,  cover  the  greater  part  of  Northern  Elashmir,  including 

Crystalline  roc    ;  Baltistan,  and  run  west- wards  through  Chilas  and  Gilgit 

into  the  mountains  of  Afghanistan.     Towards  the  east  they  run  through  northern 

Ladak  and  probably  continue  thence  through  Western  Tibet  (Eudok)  and  Chumurti 

into  the  mountainous  regions  north  of  lake  Manasarowar  and  the  head-watei'S  of  the 

^ — -  »    I  .  —  ' 

•  Memoirs,  Geological  Survey  of  India,  Vol.  XXX VI,  pt.  2  (1907). 

t  Memoirs,  Geological  Survey  of  India,  Vol.  XXII  ( 1883). 

J  The  Jummoo  and  Kashmir  territories  (1875). 

§  Quarterly  Journal,  Geological  Society,  Vol.    XV,  221  (1869),  XX,    383    (1864),  XXI,  492  (1866),  XXII,  2» 
(1866),  Journal,  Royal  Geographical  Society,  XXXI,  30  (1869). 

II  Journal,  Asiatic  Society  of  Bengal,  Vol.  XXXV,  pt.  2  (1866),  XXXVI,  pt.  2  (1867). 

f  Memoirs,  Geological  Survey  of  India,  VoL  V,  pt.  1  (1865),  pt.  3  (1866). 
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Brahmaputra.  Li  Eastern  Kasliinir  they  constitute  much  of  the  district  of  Zangskar, 
sending  out  a  narrow  arm  south-eastwards  through  Lahaul  to  join  the  similar  rocks  of 
the  great  Himalayan  range  between  Eulu  and  Spiti,  and  thus  merging  into  the  crystal- 
line axis  of  the  Smalaya. 

In  south-west  Kashmir  a  narrow  strip  of  crystalline  rocks  runs  along  the  Pir  Fanjal 
range,  forming  a  narrow  tongue  protruding  from  the  wider  crystalline  area  of  Chamba 
and  the  Dhauladhar  range,  which,  again,  is  an  ofishoot  from  the  crystalline  axis  of  the 

Himalaya. 

The  prevailing  type  amongst  the  rocks  of  this  series  both  in  Zangskar  and  in  the 
Pir  Panjal  is  the  characteristic  Himalayan  biotite-granite,  and  these  two  crystalline 
areas  are  the  result  of  the  bifurcation  of  the  hitherto  unbroken  central  zone  of  the 
Himalaya.  The  crystalline  zone,  which  crosses  the  Sutlej,  as  a  single  broad  band,  from 
east  to  west,  splits  up  in  Kangra  district  into  two  branches,  one  of  which,  following 
the  range  between  Kulu  and  Spiti,  runs  through  Lahaul  into  Zangskar,  where  it  ends 

in  the  Nun  Eun  peaks.     The  other  branch,  still  maintaining 

CUT         u  on.      .        much  the  same  trend,  passes  through  the  Dhauladhar  range 

into  the  Pir  Panjal,  where  it  thins  out  to  a  narrow  strip,  separated  only  by  a  band,  of 

insignificant  width,  of  pre-Tertiary  rocks  from  the  Sub-Himalayan  zone  of  Jaiomu  and 

the  Murree  hills. 

Between  these  two  branches  of  the  crystalline  zone  lies  a  broad  area  of  sedimentary 
rocks  belonging  to  Lydekker's  "  Panjal "  and  "  Zanskar  "  systems,  which  correspond 
approximately  with  the  Dravidian  and  Aryan  groups,  whilst  along  the  north-east  of 
the  Zangskar  branch  runs  the  direct  continuation  of  the  Tibetan  zone  of  Spiti  Through- 
out Kashmir  the  sedimentary  beds  continue  north-westwards  until  they  meet  the 
great  crystalline  complex  of  Baltistan,  Gilgit  and  Chilas. 

The  outermost  strip  of  sedimentary  beds,  which  lies  between  the  Sub^Himalayan 

zone  of  Jammu  and   Murree  and  the  crystalline  axis  of  the 
Pir    Panjal  range,  has  been  included  by    Mr.  Lydekker 
partly  in  his  "  Zanskar  "  system  and  partly  in  the  "  Panjal "  system,  which  latter  takes 
its  name  from  the  Pir  Panjal  range. 

The  "  Panjal"  system  includes  a  great  variety  of  rocks,  all  apparently  devoid  of  fossilB 
and  consisting  of  slates,  conglomerates  and  great  masses  of  trap,  representing  old  lava- 
flows  ;  the  slates  and  conglomerates  prevail  in  the  lower  part  of  the  system  and  the  traps 
in  the  upper.  The  system  completely  surrounds  the  Srinagar  valley  and  extends  thence 
southwards  along  the  edge  of  the  crystalline  zone  of  Zangskar.     On  the  opposite  side 

of  the  latter  it  runs  north-west  and  south-west  and  is  directly 
continuous  with  the  Tibetan  zone  of  Spiti.    Small  patches  of 
the  same  system  also  occur  at  the  lakes  of  Pangong  and  at  Changchenmo  near  the 
frontier  of  Tibet. 

The  "  Panjal "  rocks  of  the  western  or  Srinagar  area  differ  from  those  of  the  eastern 
part  of  Kashmir  ;  the  upper  division  of  the  former  is  composed  of  great  beds  of  trap, 
whereas  this  volcanic  element  is  wanting  in  the  latter  area.    No  detailed  subdivision  of 
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ihe  system  was  attempted  by  Mr.  Lydekker,  who  correlated  the  whole  of  the  Fanjals  with 
the  Dravidian  rockslof  the  Tibetan  zone,  that  is  to  say,  with  the '  whole  rock  series 
eztendingTfrom  the  base  of  the  Haimantas  to  the  base  of  the  Kuling  sji^tenu  Such 
correlation  may  be  correct  for  Eastern  Kashmir,  where  the  sedimentary  rocks  on  the 
north-east  of  the  Zang^kar  crystallines  are  the  direct  continuation  of  the  Tibetan  zone 
'of  Spiti. 

In  the  western  area,  however,  it  is  highly  probable  that  the  "  Panjal  '*  system,  as 

found  in  Chamba  and  the  Fir  Panjal  range,  includes^also 
members  of  the  Himalayan  zone  of  the  Simla  region/ the 
beds  of  the  latter  area  being  probably  continuous  through  Kangra  and  Chamba  to  the 
Pir  Panjal,  and  also  being  represented  in  Jammu  by  the  limestone  formation  known  as 
the  "Great  Limestone/'  on  which  the  Tertiary  beds  of  the  Sub-Himalayan  zone 
rest  unconformably.*  Hence,  in  Western  ^Kashmir,  the  "PanjaJ  "  system  probably 
embraces  representatives  not  only  of  the  Dravidian  members  of  the  Tibetan  zone, 
but  also  of  the  pre-Cambrian  rocks  of  the  Himalayan  zone.  Mr.  Lydekker  made  no 
attempt  to  discriminate  between  these  two,  since  he  believed  them  to  be  one  and  the 
same,  and  a  detailed  survey  must  be  made  of  Western  Kashmir  before  the  repre- 
sentatives of  the  two  zones  can  be  separated  and  compared. 

The  only  fossils  hitherto  found  in  the  Panjal  rocks  of  Western  Kashmir  occur  in  a 

Age  of  the   voicanics   of  the    band  of  limcstonc,  which  is  interstratified  with  beds  of  volca- 
Panjal  system.  ^^  ^-j^  ^^  ^^^  Upper  or  trappcan  division  of  the  "  Panjal  " 

system  in  the  hills  around  Imsalwara  (Ambersilwara)  about  20  miles  to  the  north 
of  Baramula.  The  fossils  are  mostly  encrinites  and  brachiopods,  but  only  very  badly 
preserved  specimens  have  been  found.  -  This  f ossiliferous  bed,  the  age  of ^which  may  be 
Devonian  or  Lower  Carboniferous,  is  at  present  unique  in  the  "  Panjal  "  system  and  is 
well  worth  the  attention   of   travellers  in  Kashmir.  .    r 

#      ^ . 

Above  the  "  Panjal "  system  is  a  thick  series  of  beds   of  which  the   prevailing 
,,  ^     ^  rock  is  limestone,  with  some  quartzites  and  shales  near  the 

"  Zanskar  ' '  system.  '  ^ 

base.  This  is  Lydekker's  "  Zanskar  "  system,  which  he  sub- 
divided into  three  series, ;  known  as  the  Kuling,  supra-Kuling  and  ChikkimJ  series 
respectively.  The  Kuling  series  he  regarded  as  the  equivalent  of  the  Productus  shales 
(originally  named  by  Stoliczka  the  "  Kuling  shales  ")  of  Spiti :  the  supra-Kuling  series, 
which  is  composed  chiefly  of  limestone,  is  the  equivalent  of  the  beds  between  the  Otoceras 
zone  (base  of  the  Lilang  system)  and  the  base  of  the  Chikkim  limestone  of  Spiti,  whilst 
the  name,  Chikkim  series,  was  applied  to  the  representatives  in  Kashmir  of  the  Chikkim 
limestone  and  Chikkim  shales* 

The  sedimentary  rocks  of  Kashmir,  although  highly  fossiliferous  in  certain  local- 
ities, are,  as  a  rule,  much  poorer  in  fossils  than  those  of  Spiti  and^Kumaun  ;  this,  com* 
bined  with  the  fact  that  time  did  not  permit  him  to  carry  out  his  work  on  the  detailed 


♦  H.  B.  Medlicott; :  Records,  Oedogieal  Survey  of  India,  Vol.  IX,  49  (1876) ;  R.  R.  Simpaon  :  Mmoira,  Geological 
Survey  of  India,  Vol.  XXXII,  pt.  4  (1904). 
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scale  that  has  since  been  possible  in  Spiti  and  Kumaun,  led  Lydekker  to  work  oxt 
broad  lines  and  to  rely  largely  on  the  physical  characters  of  the  rocks  as  a  gtiide  to  their 
correlation  with  one  another  and  with  those  of  adjacent  areas.  Consequently  all  the 
slates,  conglomerates  and  traps  were  referred  to  one  system,  the  "  Panjal,"  and  all 
important  groups  of  limestone  to  the  overlying  system,  the  "Zanskar."  i-| 

In  order  to  correlate  the  "  Panjal  "  and  "  Zanskar  "  systems  with  the  fossiliferous 

Correution  with  Tibetan   zone    gToups  of  the  Tibetan  zone,  wc  must  tum  first  to  that  part 

in  Spiti  and  Kumaun.  ^j  Kashmir  which  adjoius  Spiti.    Here  we  find  that  the 

sedimentary  beds  of  the  Tibetan  zone  run  continuously  from  the  one  area  to  the 
other ;  although  interrupted  for  a  time  by  the  crystalline  area  of  Zangskar,  the 
same  zone  can  be  followed  north-westwards  to  Vihi,Dras,  Tilail  and  Gurais,  where, 
however,  owing  partly  to  lack  of  fossils  but  even  more  to  the  fact  that  no  detailed  survey 
of  these  areas  has  yet  been  made,  only  a  tew  of  the  subdivisions  of  the  typical  Spiti 
sequence  have  been  recognised.  The  most  interesting,  and  now  the  best  kno>vn,  of  the 
above  areas  is  Vihi.  Here  the  massive  hills  pf  trap,  which  extend  along  the  northern  edge 
of  the  Srinagar  plain  and  constitute  the  uppermost  member  of  the  **  Panjal  "  system, 
are  overlain  by  shales  and  limestones.  Immediately  behind  the  village  of  Zewan,  and 
again  near  the  foot  of  the  hills  to  the  north-west  of  Khimmu,  are  the  two  most  famous 
localities  for  fossils  in  all  Kashmir.  Immediately  overlying  the  trap  are  bands  of  chert 
and  shale,  in  the  latter  of  which  have  been  found  remains  of  fishes  and  plants  ;  these 
are  of  the  greatest  interest  and  importance,  for  the  plants  belong  to  the  genus  Ganga^ 
mopteriSf  a  form  specially  characteristic  of  the  lower  Gondwana  beds  of  the  Indian 
Peninsula  ;  above  the  shale  are  the  famous  Zewan  beds,  which  contain  fossils  identical 
with  those  of  the  Fenestella  shales  of  Spiti.  Overlying  these,  both  at  Khunmu  and  at 
the  opposite  side  of  the  Vihi  plain,  are  the  Productus  shales  with  their  typical  fossils, 
and  above  these,  again,,  are  limestones  with  Lower  Triassic  fossils  similar  to  those  of 
Spiti  and  Kumaun.*  Thus,  here,  we  have  a  link  not  only  between  the  "  Zanskar " 
system  of  Kashmir  and  the  typical  Tibetan  zone,  but  also  between  both  of  these  and 
the  Gondwana  system  of  the  Peninsula. 

We  have  seen  that,  in  Spiti  and  Kumaun,  there  is  an  unconformable  break  between 
the  beds  below  the  Productus  shales  and  all  older  deposits,  thus  indicating  a  period  of 
disturbance  which  set  in  after  the  deposition  of  the  Fenestella  shales,  when  much  of  the 
old  sea-floor  was  raised  up  to  form  dry  land  and  was  worn  away  by  atmospheric  agencies 
before  it  again  sank  beneath  the  waves.  In  Vihi  there  is  no  trace  of  this  unconformity 
or  break  in  the  sequence  between  the  Zewan  beds— the  equivalent  of  the  Fenestella 
shales — and  the  Productus  shales ;  marine  conditions  here  continued  uninterruptedly  ; 
and  whilst  the  more  easterly  areas  were  being  raised   up  and  denuded,   this  part  of 

Kashmir  remained  continuously  beneath  the  sea.     On  the 

Upper  Palmozoic  unconfonnity,         -.it-,.!  x  x  i.  •   i     i      x     •     xi.     j 

other  hand,  the  presence  of  terrestnal  plants  m  the  deposits 
below  the  Zewan  beds  and  overlying  the  Panjal  traps  proves  that  the  area  in  which 


•  H.  H.    Hayden :  Records,  Geological  Svrvey  of  India,  Vol.  XXXVI,  23  (1907) ;    A.   C.  Feward  :  Pal.  Indica^ 
New  Series,  Vol.  II.  No.  2  (1905),   Records,  OeoloQxcal  Survey  of  India,  Vol.  XXXVI,  57  (1907). 
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these  deposits  now  occur  was  either  the  estuary  of  a  river,  or,  if  covered  by  the  sea,  was 
at  least  very  near  the  coast,  whilst  the  Panjal  traps  may  represent  lava -flows  over  the 
surface  of  the  neighbouring  land.  Fossils  similar  to  those  of  the  Zewan  beds  have  also 
been  found  at  Barus  on  the  right  bank  of  the  Jhelum,  Pahlgam  in  the  Lidar  valley  and  at 
several  points  in  the  hills  at  the  south-eastern  end  of  the  Kashmir  valley,  Eeoentiy, 
too,  similar  fossils  have  been  found  on  the  Golabgarh  Pass  in  the  Pir  Panjal  range* 

The  lower  part  of  the  "  ZJanskar  "  system  thus  corresponds  to  the  Lower  Trias  (Lower 
Lilang  system)  Productus  shales  and  Fenestella  shales  of  the  Tibetan  zone,  and  at  the' 
same  time  includes  at  its  base  beds  which  are  correlated  with  the  lower  Gondwanas 
of  the  Indian  Peninsula.  The  age  of  the  Fenestella  shales,  and  consequently  of  the 
Zewan  beds,  being  upper  Carboniferous,  the  underlying  plant  beds  belong  either  to  the 

middle  or  upper  division  of    the  same    system    and  the 

Panjal  yolcanic  period.  . 

Panjal  traps,  being  older  still,  may  be  of  either  lower  or 
middle  Carboniferous  age.    Hence  we  see  that,  during  the  earlier  part  of  the  Carboni- 
ferous epoch,  when  the  Lipak  series  of  Spiti  was  being  laid  down  under  the  sea.  Eastern 
Kashmir  was  at  least  partly  a  land  surface,  studded  with  volcanoes  from  which  were 
poured  out  the  lavas  which  are  now  represented  by  the  Panjal  traps.*    From  the  sea, 
which  lay  to  the  north-east,  an  arm  ran  out  tolmsalwara,  where  fossiliferous  limestones 
were  laid  down  among  beds  of  trap  and  ash.     The  shore  probably  lay  along  the  northern 
side  of  the  Kashmir  valley  either  as  a  continuous  land  surface  or  a  chain  of  volcanic 
islands   and   was   connected   through    Chamba  with   the  old  continental  area  of  the 
Himalayan  zone.     Towards  the  end  of  the  Carboniferous  epoch  subsidence  set  in  and 
the  land  gradually  became  submerged  and  was  covered,  first  by  estuarine  muds  in 
which  remains  of  the  land  flora  became  imbedded,  and,  subsequently,  by  the    Zewan 
beds  with  their  marine  fossils.     Thenceforward  marine  conditions  appear  to  have  pre- 
vailed throughout  the  whole  of  the  Triassic  and  Jurassic  epochs,  when  Kashmir  was 
part  of  the  floor  of  the  Eurasian  sea,  the  Tethys. 

Although  the  subdivision  of  the  Himalaya  into  three  zones,  the  Sub-Himalayan, 
Himalayan  and  Tibetan,  which  is  so  well  marked  eastwards  of  the  Beas,  is  not  so  clearly 
defined  in  Kashmir  where  the  crystalline  rocks  invade  both  the  Tibetan  and  Himalayan 
zones  and  where  the  respective  members  of  the  two  latter  have  not  been  satisfac- 
torily distinguished  one  from  the  other,  yet  the  outer,  or  Sub-Himalayan,  zone  is  clearly 
„    ^    .   .  marked  off  and   can  be    traced   through    Jammu  into  the 

Indus  valley  Tertianes.  ^  ^ 

Murree  hills  and  the  gorges  of  the  Jhelum.  This  zone  of 
Tertiary  rocks  has  already  been  described  above  (p.  214),  .  but  there  remains  a  group 
of  beds  also  of  Tertiary  age,  to  which  reference  has  been  made  in  connection  with  the 
Tibetan  zone.  These  are  the  Indus  valley  Tertiaries,  which  extend  as  a  long  narrow 
atrip  in  the  valley  of  that  river  from  eastern  Ladak  to  Kargil.  They  are  apparently 
quite  unconnected  with  the  Tertiaries  of  the  Sub-Himalayan  zone,  and  consist  of  con- 
glomerates, sandstones  and  shales  of  fresh- water"  origin  overlain  by  limestone  with 
nummulites,  which  latter,  it  has  already  been  seen,  extends  as  far  south  as  the  Singhgi 


*  See  Appendix,  p.  272,  infra. 
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La  in  y^ngftlriir  {supra,  page  238).    With  these  Tertiary  beds  are  associated  great 
masses  of  volcanic  rock,  chiefly  ashes  and  lava-flows. 

,      The  deposition  of  the  nnmmolitic  limestone  seems  to  have  been  the  final  chapter 
Kummuiitic      limestone      of    ^  *^®   marine  history  of  the  Himalaya  and  Tibet.    With 
Zang^kar.  the  outbuTst  of  Yolcanic  activity  the  present  or  continental 

phase  became  estabUshed,  and  what  had,  for  a  lapse  of  time  |  which  must  be  counted  in^ 
millions  of  years,  been  more  or  less  continuously  the  floor  of  a  great  sea  was  now  gradu- 
ally raised  up  to  form  the  highest  mountain  range  on  the  face  of  the  globe. 

■ 

Hazara  (Plate  xlix). 

With  the  exception  of  Hazara,  very  little  is  known^of  the  geology  of  the  great  belt' 
j-^^  of  mountains  which  extends  westwards  and  north-westwards 

from  Kashmir.  We  have  already  seen  that  in  Kashmir 
the  regularity  of  arrangement  of  the  rocks,  which  to  the  east  of  the  Beas  fall  readily 
into  three  zones,  an  outer  or  Sub-Himalayan,  a  central  or  Himalayan  and  an  inner 
or  Tibetan,  has  disappeared  and  although  the  outer  zone  of  Tertiary  rocks  still 
persists  through  Jammu  into  the  Murree  hills,  the  Himalayan  and  Tibetan 
zones  cannot  at  present  be  completely  separated  from  one  another.  Li  Hazara  the 
fusion  of  the  three  zones  becomes  even  more  complete  ;  the  Sub-Himalayan  is  no  longer 
separated  from  the  Tibetan  by  the  Himalayan  and  crystalline  rocks,  but  the  two  are 
in  direct  contact  and  the  lowest  member  of  the  Tertiary  system  is  intimately  infolded 
with  the  Tibetan  facies  of  the  Triassic,  Jurassic  and  Cretaceous  systems,  whilst  the 
latter  are  also  found  in  association  with  a  great  series  of  unfossUiferous  slates,  which  is 
regarded  as  the  equivalent  of  the  Himalayan  zone  as  developed  east  of  the  Beas. 

Concurrently  with  this  change  in  the  order  of  distribution  of  the  three  zones,  the- 
Change  in   the  trend  of  the    Strike  or  trend  of  the  rocks,  which  from  Nepal  to  the  Jhelum 
«n"*cSSge  "ST^trikes^f^^SiSr    is  ou  the  whole  S.  E.-N.W.,  chaugcs  in  Kashmir  and  bends 
component  beds.  rouud  through  E.-W.  to  N.  E.-S.  W.  Consequent  on  this  the 

mountain  ranges  also  undergo  a  similar  change  of  trend,  and  in  Hazara  run  approximately 
from  north-east  to  south-west.  Nor  is  this  bending  of  the  ranges  confined  to  the 
Himalayan  chains,  but  is  also  reflected  in  the  distant  Salt  Range  of  the  Punjab. 

The  rocks  of  Hazara  have  been  subdivided  into  seven  series,*  known  as  the  Crystal* 

line,  the  Slate  series,  the  Infra-Trias,  the  Triassic,  the 
groups  o  ra.  Jurassic,  the  Cretaceous  and  the  Tertiary.  These  form  more 
or  less  parallel  bands,  with  the  youngest  in  the  outer  hills  to  the  extreme  south-east. 
The  upper  part  of  the  Tertiary  system  of  Hazara  is  merely  the  south-westerly  continua- 
tion of  the  Murree  beds  ;  the  lower  portion  or  nummuUtic  series,  consists  of  limestone,, 
shale  and  sandstone  with  a  band  of  coal.  This  series  covers  the  greater  part  of  S.  E. 
Hazara,  but  where  it  has  been  removed  by  denudation  the  underlying  beds  of  the 
Mesozoic  group  have  been  exposed.  These  represent  the  Upper  Triassic,  Jurassic  and 
Cretaceous  systems  and  include  formations  such  as  the  Spiti  shales  and  Giimial  sandstone  ^ 
typical  of  the  Tibetan  zone. 

•  C.  S.  Middlomiss:  Memoirs,  Geological  Survey  of  India,  Vol.  XX  VT  (1896). 
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p  Beneath  the  Triassic  beds  is  a  series  of  rocks  composed  of  limestone  underlain  by 

sandstone  and  shales  which  have  a  thick  bed  of  conglome- 

Infra-Trias  and  Slate  Miies.  •  «    • 

rate  at  their  base«  This  is  known  as  the  Infra-Trias.  It  lies 
tmconformably  on  a  great  group  of  unfossiliferous  slates,  the  Slate  series,  which  runs 
from  north-east  to  south-west  through  the  centre  of  Hazara«  These  slates,  also  known, 
as  the  Attock  slates,  are  probably  the  equivalent  of  the  Simla  slates  of  the  Himalayan^ 
zone.  The  Infra-Trias  series  was  regarded  by  Mr.  Middlemiss  as  the  equivalent  of  the- 
Blaini  series  of  Simla,  and  it  is  therefore  probable  that  the  Slate  series  and  the  Infra- 
Trias  represent  the  old  sedimentary  beds  of  the  EQmalayan  zone.  Behind  this,  and' 
forming  most  of  north-western  and  northern  Hazara,  is  a  broad  zone  of  granitic  and 
crystalline  rocks,  the  south-eastern  portion  of  which  consists  of  schists  and  gneisses,, 
which  may  be  partly  Archaean  but  are  to  a  great  extent  metamorphosed  representa- 
tives of  the  Slate  series  and  the  Infra-Trias,  which  have  been  altered  by  contact  with 
granite.  The  granite  of  this  zone  is  the  exact  counterpart  of  the  biotite-granite  of  the 
Himalaya,  and  we  thus  see  in  the  crystalline  zone  the  representatives  of  the  Vaikrita 
system  and  the  gneissose  granite  of  the  Himalayan  zone.  The  great  mountainous- 
area  lying  between  Northern  Hazara  and  Northern  Kashmir  (Baltistan)  on  the  one  side 
and  the  Hindu  Kush  in  longitude  70^  on  the  other  is  still  almost  completely  unsurveyed 
and  deductions  as  to  the  geological  conditions  prevailing  in  that  area  can  only 
be  drawn  from  the  few  scattered  observations  which  have  been  made  in  Gilgit  and 
ChitraL  The  prevailing  rocks  appear  to  be  granite  and  crystalline  schists,  but  slates,. 
quartzites  and  limestones,  possibly  representing  the  Dravidian  members  of  the  Tibetan 
zone,^  occur  in  Hunza  and  Nagar,  whilst  beds  of  Devonian  age  have  been  found  in 
the  valley  of  the  Kunar  river  in  Chitral  f  and  also  on  the  Baroghil  Pass  |  between 
Chitral  and  Wakhan*  These  rocks  appear  to  strike  towards  the  north-east  and  may 
possibly  be  connected  with  the  fossiliferous  series  of  Palaeozoic  age  found  by  StoUozka 
in  the  Little  Pamir  and  Yarkand,  and  thus  serve  as  a  link  betweeii  the  Tibetan  zone- 
of  the  Himalaya  and  the  sedimentary  rocks  of  the  Tian  Shan. 


Afghanistan. 

Between  Chitral  and  the  Kabul  province  of  Afghanistan  there  is  a  broad  tract  of 
country,  the  western  continuation  of  the  Hindu  Kush,  of  which  nothing  is  known  in 
detail  but  which  appears  to  be  composed  chiefly  of  crystalline  and  metamorphic  rocks 
such  as  occur  along  the  lower  reaches  of  the  Kabul  river  below  Laghman.  So  far  as 
the  rest  of  Afghanistan  is  concerned,  there  appear  to  be  two  broad  stratigraphical  facies 
separated  the  one  from  the  other  by  the  Koh-i-Baba  and  Paghman  ranges.  The  more 
southerly  of  these,  which  is  found  between  Jalalabad  and  Kabul,  comprises  metamor- 
phic rocks  associated  with  ruby-bearing  crystaUine  limestone — a  series  recalling  the 

♦  C.  A.  McMahon  :  Qwirterly  Jaumal»  Geological  Society,  Vol.  LVI,  337  (1900), 

+  a  A.  McMahon  and  W.  H.  Hudleston :  Qedhgicdl  Magazine,  Dec.  IV,  Vol  IX,  3,  49  (1902). 

J  H.  H.  Hayden  :  Memoirs,  Geological  Survey  of  India,  VoL  XXXVI,  pt.  1,  31  (1904). 
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Archceaii  beds  of  the  Peninsula — ^and  a  younger  marine  group  in  many  respects  resem- 
bling part  of  the  Tibetan  zone  of  the  Himalaya.  The  marine  group  lies  with  marked 
unconformity  on  the  metamorphic  beds  and  is  composed  of  limestones,  probably  in 
part  representing  the  Productus  limestone  of  the  Salt  Range  and  its  analogues  in  the 
Himalaya  and  partly  embracing  the  Lilang  system  of  the  Tibetan  zone.  The 
northern  facies,  which  is  well  seen  in  Bamian,  Saighan  and  the  country  to  the  north 
of  the  Afghan  Hindu  Kush,  consists  of  limestones  of  Palaeozoic  age  overlain  by  a 
volcanic  series  possibly  partly  younger  Palaeozoic  and  partly  of  Triassic  age.  This  is 
covered  by  an  extensive  system  of  fresh-water  beds  with  coal  seams,  *  and  containing 
fossil  plants  of  Jurassic  age.  Neither  the  volcanic  series  nor  the  overlying  Jurassic 
beds  resemble  any  of  the  Mesozoic  systems  of  the  Himalaya,  but  are,  on  the  other 
hand,  apparently  identical  with  the  Mesozoic  beds  of  Russian  Turldstan  ;t  hence  during 
part  of  the  Triassic  and  Jurassic  peroids  these  two  areas  formed  a  continuous  land 
surface,  and  probably  constituted  the  south-western  coast  of  the  Tethys.  Above 
the  Jurassic  plant-bearing  series  is  a  mass  of  red  conglomerate  and  sandstone,  which 
is,  however,  only  locally  preserved,  having  been  as  a  rule  removed  by  denudation 
before  the  deposition  of  the  next  overlying  rock  group,  the  upper.  Cretaceous  limestone. 
The  latter  extends  all  over  Northern  Afghanistan  and  is  almost  always  markedly 
unconformable  to  underlying  beds,  a  feature  which  indicates  a  great  extension  of  the 
Tethys  in  later  Cretaceous  times,  when  the  whole  of  Northern  Afghanistan  once  more 
became  submerged.  This  marine  phase,  however,  was  of  only  short  duration,  for  evi- 
dence of  the  drying  up  of  the  sea  is  found  in  the  beds  of  gypsum  and  rock-salt  occurring 
in  the  older  Tertiary  rocks.  Subsequently  land  plants  and  land  shells  appear,  and 
all  the  great  valleys  of  Eastern  Afghanistan  are  now  filled  with  deposits  of  sand  and 
boulders  analogous  to,  and  possibly  contemporaneous  with,  the  Siwalik  series  of 
the  outer  Himalaya. 


•  C.  L.  Griesbach  :  Records,  Geological  Survey  of  India,  Vol.  XX,  93  (1887). 

t  J.  B.  Musbketoff :  Turkistan  (1886,  1906) ;  G.  Romanowski :  Oeotogy  of  Turldstan  (1880-1890). 
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PAST  HISTORY  OF  THE  HIMALAYAN  AREA. 

W^  may  now  attempt  to  sketch  roughly  the  past  geological  history  of  the  Himalayan 
area.  Oitr  knowledge  of  the  nature  and  distribution  of  the  Archaean  rocks  is  as  yet  too 
scanty  to  permit  of  any  attempt  to  reconstruct  the  conditions  prevailing  at  any  part 
<rf  that  period  and  our  history  opens  at  the  time  when  a  shallow  sea  lay  over  Central 
and  Northern  India  and  extended  into  the  Himalayan  region,  covering  most  of  the 
area  now  lying  on  the  Indian  side  of  the  axis  of  the  present  Great  Himalayan  range. 
In  this  were  deposited  beds  of  conglomerate,  shale,  sandstone  and  limestone,  the 
materials  for  which  were  derived  from  the  degradation  of  the  Archaean  rocks,  exposed 

in  parts  of  what  is  now  Peninsular  India  and  also  along 
*      *"  '    the  Tibetan  edge  of  the  Himalayan   zone  between  Assam 

and  Kashmir;  The  beds  thus  laid  down  are  known  as  the  Purana  group  in  the  Penin- 
sular area  *  and  include  the  Baxa,  Jaunsar  and  Carbonaceous  systems  of  the  Himalaya. 
The  connection  of  the  one  area  with  the  other  has  still  to  be  proved  and  the  reference 
of  the  old  unfossiliferous  Himalayan  sediments  to  the  Purana  group  is  consequently 
as  yet  only  conjectural,  but  the  conjecture  has  an  air  of  probability  which  renders  it 
for  the  moment  the  most  suitable  working  hypothesis.  Hence  it  is  now  generally 
believed  that  the  Purana  sea  not  only  covered  much  of  the  Peninsula  but  also  ex- 
tended over  what  are  known  as  the  lesjer  rangcii  of  the  Himalaya.  Wlicther 
it  extended  northwards  beyond  the  Himalaya  we  are  unable  to  say  since  the^ 
whole  of  the  interior  of  Tibet  is,  geologically  speaking,  unknown,  but  there  is  evidence 
to  show  that  land  existed  in  the  Himalaya  at  least  during  part  of  the  Purana  era, 
and  the  sea  may  therefore  have  been  bounded  on  the  north  by  a  Tibetan  conti- 
nental area. 

•     Recent  work  in  China  has  revealed  the  presence  there  of  a  series  of  pre-Cambrian 

beds  which  may  be  the  equivalents  of  our  Indian  Puranas, 

and  the  presence  at  or  below  the  base  of  the  Cambrian 

system  of  a  boulder-bed  of  clearly  glacial  origin,  gives  us  a  possible  clue  to  tlie  true 

correlation  of  the  Blaini  boulder-slate  of  the  Himalayan   zone  and  suggests  that  the 

Purana  sea  extended  to  China. 

Two  marked  periods  of  volcanic  disturbance  have  left  their  records  in  these  pre- 

Voicanic  disturbances  in  Purana     Cambrian  beds  of  the  central  part  of  the  Himalaya.     The 
^™*'  first  occurred  at  the  close  of  the  Jaunsar  period,  when  the 

lower  beds  of  this  system  emerged  from  the  sea  and  were  covered  by  sheets  of  lava  and 
volcanic  ash.  Again  subsidence  set  in  and  the  disturbed  and  eroded  beds  were  once 
more  submerged  and  were  covered  unconformably  b)"  a  thick  calcareous  deposit, 
the  Deoban  limestone. 


♦  T.  H.  Holland  :  Trans.  Mining  and  Oeol.  Inat  of  Ind  :Vi,  Vol.  I,  48  (1906). 
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The  tsecond  period  of  volcanic  activity  occurred  during  the  deposition  of  the  beds 
of  the  Carbonaceous  system  and  is  marked  by  bands  of  volcanic  ash  and  basalt,  which 
are  found  at  several  horizons  in  the  system,  thus  showing  that  volcanoes  were  active 
in  this  area  throughout  a  period  of  considerable  duration. 

The  next  era  of  which  we  have  a  record   in   the   Himalaya   is   that   named  by 

Sir  Thomas   Holland  the  Dravidian ;    it  begins   with    the 

The  Dravidian  era.  conglomerates  and    other   shallow-water   deposits  of    the 

Haimanta  system  and  extends  to  the  period  of  disturbance  of  upper  Palaeozoic  age 

characterised  by  the  Talchir  boulder-bed  of  Peninsular  India  and  the  great  outburst 

of  volcanic  activity  in  Kashmir. 

The  Haimanta,  the  oldest  of  the  Dravidian  systems,  is  characterised  by  deposits 

of  detrital  origin  such  as  conglomerates,  sandstones  (quart- 
*^*"   *  zites)  and  slates,  with  only  rare  and  insignificant  beds  of 

limestone  at  its  upper  liHiit.    It  is  evident  therefore  that  it  was  laid  down  in  shallow 
water  near  a  coast  line  and  the  absence  of  any  post-Purana  beds  among  the  rocks  of  the 
Himalayan   zone  suggests    tl^at  the  present  southern  boundary  of    the  Haimanta 
deposits  marks  approximately  an  original  limit  of  deposition  and  consequently  the 
southern  shore  of  the  sea  in  which  the  Haimantas  were  laid  down.    The  relations  of 
the  Haimantas  to  the  Purana  rocks  of  the  Himalayan  zone  have  not  yet  been  worked 
oout   and  it  is  not  known  whether  there  is  a  gradual  and  conformable  passage  from 
the  one  into  the  other  or  whether  the  lower  beds  of  the  Haimantas  are  contempor- 
aneous with  the  upper  strata  of  the  Puranas,  nor  is  it  possible  to  say  at  what  period 
the  Himalayan  zone  of  Purana  rocks  first    became    a  land-surface.    The  presence  of 
rocks  of  the  Haimanta  system  in  Eumaun,  Garhwal,  Spiti  and  Kashmir  proves  that 
these  areas  at  least  were  submerged,  whilst  during  the  latter  part  of  the  Haimanta 
period  the  sea  extended  also  to  the  Salt  Bange  of  the  Punjab  where  the  Cambrian  rocks 
contain  a  species  of  trilobite  identical  with  one   from   the   uppermost   Haimantas  of 
Spiti.*     Westwards  the  same  sea  probably  extended  at  least  as  far  as  the  Hindu  Kush 
and  Afghanistan,  but  it  was  not  connected  with  the  Cambrian  sea  of  Europe,  for  the 
fauna  of  the  f ossiUf erous  rocks  of  this  age  in  the  Himalaya  has  nothing  in  conmion  with 
that  of  the  European  Cambrian.    On   the  other  hand,   there   aie    decided    affinities 
between  the  ^Cambrian  fossils  of  the  Himalaya  on  the  one  hand  and  those  of  China  and 
Korth  America  on  the  other,  and  this  has  been  regarded  as  evidence  of  a  sea  connection 
between  the  Himalaya  and  America  during  late  Haimanta  (Middle  Cambrian)  times. 

The  latter  part  of  the  Haimanta  period  was  marked  by  local  disturbances  in  Spiti 
and  probably^also  injKashmir,  and  the  presence  of  a  conglomerate  lying  unconformably 
on  the  Middle  Cambrian  beds  proves  that  the  coast-line  had  moved  temporarily  north* 
wards  and  the  beds  already  deposited  had  emerged  from  the  sea  and  tmdergone  denuda* 
tion.  Normal  conditions  appear  to  have  been  soon  restored  throughout  the  Himalaya, 
but  the  absence  from  the  Salt  Range  of  any  representatives  of  the  post-Cambrian  and 
pre-Talchir  systems  indicates  that  this  range  was  now  cut  off  from  the  Himalayan 
marme  area  and  became  a  land-surface^ 

♦  V.  Cowpsr  Reed,  quoted  in  BecordSr  Qtohjicil  Survey  of  Indian  Vol.  XXXVI  (1908). 


THE  GEOLOGY  OP  THE  HIMALAYA.  35i 

The  next  geological  epoch,  the  Muth,  which  approximately  coincides  with  the  Silurian 

(Ordovician  and  Gothlandian)  of  Europe,  is  remarkable  for 

Muth  period.  ^^^  ^^  ^^^^^  ^^^^^  ^j  ^^^  (^^^^^j  ^^  ^^     ^^^ 

southern  coast-line  appears  to  have  remained  for  a  long  period,  at  least  until  Lower 
Carboniferous  times,  much  as  it  was  after  the  Salt  Range  was  cut  ofi  from  the  sea  which 
covered  the  Himalayan  area  at  the  close  of  the.  Cambrian  epoch,  but  the  Tethys  now 
encroached  westwards  and  became  linked  up  with  the  Palaeozoic  sea  of  Europe.  Evi- 
dence of  this  is  to  be  found  in  the  character  of  the  fossils  of  the  representatives  of 
the  Upper  Silurian,  Devonian  and  Carboniferous  systems  in  the  Indian  area,  which 
bear  a  marked  resemblance  to  those  of  the  same  systems  in  Europe,  certain  species 
being  common  to  both  areas.  During  the  Devonian  period  the  sea  covered  all  the 
northern  portion  of  the  Himalayan  area  and  extended  eastwards  into  Burma,  south* 
eastern  Tibet  and  China.  Westwards  it  appears  to  have  extended  through  Kashmir, 
over  what  is  now  the  Hindu  Rush,  into  Afghanistan  and  northwards  to  the 
Pamir  and  the  Tian  Shan ;  its  record  is  not  very  clear  in  the  greater  part  of  the 
Tibetan  zone  of  the  Himalaya,  where  fossils  of  Devonian  age  are  scarce,  having 
been  found  only  at  rare  intervals,  but  there  is  no  evidence  of  any  break  in  the 
continuity  of  marine  deposits  between  the  beginning  of  the  Muth  (Silurian)  period 
and  the  middle  of  the  Carboniferous.  The  latter  period,  however,  saw  many  changes 
along  the  southern  coast  of  the  Tethys  and  ushers  in  the  next  and  latest  era  in  the 
geological  history  of  India,  that  named  by  Sir  Thomas  Holland  the  Aryan. 

India  now  became  definitely  established  as  an  integral  part  of  that  great  continent 
of  Gondwanaland,  which  extended  to  South  Africa  on  the  one  side  and  Australia  on  the 
other  and  on  which  flourished  the  flora  of  Glossopteris  and  Qangamopteris  familiar  to 
us  from  the  rocks  of  the  Indian  coal-fields.  Below  the  beds  in  which  these  fossils  occur, 
there  is  found  in  Australia,  Africa  and  India  a  peculiar  boulder-bed  or  tiUite,  which 
bears  unmistakable  evidence  of  having  been  deposited  at  a  time  when  glacial  conditions 
prevaQed ;  the  boulders  found  in  it  are  facetted,  polished  and  scratched  whilst  the 
rocks  on  which  it  lies  are  grooved  and  polished  in  a  manner  characteristic  of  the  action 
of  a  glacier.  This  tillite,  known  as  the  Talchir  boulder-bed,  has  not  been  proved  to 
-exist  in  the  Himalaya,  but  is  an  important  member  of  the  stratigraphical  series  of  the 
Salt  Eange,  where  its  glacial  origin  has  been  proved  beyond  a  doubt.  On  the  Indian 
Peninsula  it  is  usually  regarded  as  of  fresh-water  origin,  but  in  the  Salt  Kange  it  is 
fkssociated  with  marine  beds,  and  would  therefore  appear  to  have  been  deposited  in 
the  sea.  The  materials  of  which  the  boulders  are  composed  for  the  most  part  belong  to 
a  group  of  rocks  now  exposed  in  Kajputana,  and  it  is  therefore  clear  that,  during  the 
early  Gondwana  glaciar  period,  Kajputana  was  a  land-surface  whence  glaciers  flowed 
northwards  to  deposit  their  imbedded  boulders  in  the  Salt  Range  sea,  which  was  pre- 
sumably a  southern  arm  of  the  Tethys. 

Whilst  these  changes  were  taking  place  in  the  Salt  Range,  Kashmir,  which  bad 

Panjai      volcanic     phase  in    formerly  been  covered  by  a  shallow  sea  in  which  the  shales 

Kashmir.  and    Conglomerates  of  the  Panjai  system  were  deposited, 

had  become;  the  scene  of  great  volcanic  activity;  masses  [of  lavaTwere  poured  out 


202  THE  GEOLOGY  OF  THE  HIMALAYA. 

and,  solidifying,  formed  what  we  now  know  as  the  Panjal  traps.  ^  These  have  been 
regarded  as  of  submarine  origin,  but  the  evidence  of  this  is  not  convincing ;  ashes 
certainly  fell  into  the  sea,  where  they  were  interstratified  with  marine  limestones,  as 
at  Imsalwara  to  the  west  of  the  Wular  lake.  Elsewhere  the  lavaa  may  have  been 
poured  out  over  a  land-surface,  and  it  is  possible  that  at  this  period  Southern  Kashmir 
was  an  archipelago  of  volcanic  islands. 

At  the  close  of  the  volcanic  phase  the  peculiar  Gangamopteris  flora  of  Gondwana- 
land  had  spread  to  Southern  Kashmir,  which  must  therefore  have  become  connected 
with  the  mainland.  But  the  sea  soon  encroached  again  and  the  plant-bearing  Ganga- 
mopteris beds  were  covered  by  the  Zewan  beds,  typical  marine  deposits  with  fossils 
of  upper  Carboniferous  age.  These  again  pass  upwards  into  the  Permian  Productus 
shales  which  are  overlain  by  the  fossiliferous  limestones  of  the  Lower  lilang   system 

(Lower  Trias) ;  from  the  Gangamopteris  beds  upwards  to  the  Lilang  system  there  is  no 

« 

dign  of  any  important  break  in  continuity  of  the  deposits,  and  it  would  therefore 
appear  that  the  close  of  the  Panjal  volcanic  period  marks  the  beginning  of  an  era  of 
subsidence  and  uninterrupted  deposition,  which  lasted  from  the  middle  of  the 
Carboniferous  epoch  until  early  Tertiary  times,  and  throughout  the  whole  of  which 
Kashmir  lay  beneath  the  waters  of  the  Tethys. 

In  other  parts  of  the  Himalaya  there  is  no  evidence  of  violent  disturbance  having 
taken  place  during  the  volcanic  period  of  Kashmir  ;  in  Spiti  there  was  slow,  but  steady 
rise  of  the  sea-floor,  resulting;;  in  a  gradual  northerly  displacement  of  the  coast-line> 
and  what  had  formerly  been  an  area  of  comparatively  deep  water  was  converted  into 
a  shallow  coastal  platform  or  possibly  an  estuary,  in  the  sands  and  muds  of  which  the 
remains  of  plants  carried  down  from  the  land  became  embedded.  But  the  remainder 
of  the  Carboniferous  epoch  was  a  period  of  some  instability,  and  is  marked  by  oscilla- 
tions of  the  sea-level.  These,  however,  were  for  some  time  comparatively  trifling, 
but,  at  the  close  of  the  Carboniferous  period,  a  steady  rise  of  the  land  and  north- 
ward retreat  of  the  sea  set  in ;  almost  the  whole  of  the  Himalaya  to  the  east  of  Kashmir 
Subsequent  tectonic  disturbances    appears  to  havc  becomc  a  laud-surface  and  remained  such 

in  Spiti  and  Kumaun.  e  *  i        i_i     i      „j.i.      ^  j.*  i  t      *      e      ,     e 

for  a  considerable  length  of  tmie,  long  enough,  m  fact,  for 
the  removal  by  denudation  of  beds  some  thousands  of  feet  in  thickness.  In  parts 
of  Spiti,  in  Kumaun,  and  in  Garhwal,  the  whole  of  the  deposits  laid  down  during  the 
Carboniferous  and  Devonian  epochs,  and  even  a  great  part  of  the  Muth  system,  were 
removed  before  the  land  was  resubmerged  and  the  waters  of  the  Tethys  once  more 
covered  this  part  of  the  Himalaya. 

It  is  interesting  to  note  that  these  two  periods  of  disturbance  were  not  contem- 
poraneous :  that  of  Kashmir  occurred  at  the  end  of  the  Dravidian  era,  while  the  Central 
Himalayan  disturbance  was  of  more  recent  date  and  is  not  reflected  in  any  correspond- 
ing movement  in  Kashmir,  having  been  probably  of  only  local  importance. 

The  earlier  disturbance,  however,  belongs  to  a  different  category.    It  corresponded 

The  world-wide  extension  of  the     ^^  t™e  with  the  f  ar-rcachiug  changes  which  ushered  in  the 

earn*  (Panjal)  disturbance.  "  Gondwana  glacial  epoch  in  India,  AustraUa   and  South 

Africa.    Recent  work  in  Kashmir  has  led  to  the  conclusion  that  these  changes  occurred 
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towards  the  middle  of  the  Carboniferous  period,*  a  time  when  marked  changes  in  the  dis- 
tribution of  land  and  sea  began  to  take  place  in  many  parts  of  the  world.  Throughout 
Asia  it  is  characterised  by  a  great  extension  of  the  sea  and  the  consequent  overlap  of 
marine  deposits  of  Middle  Carboniferous  age  upon  older  beds.  Evidence  of  the  former 
presence  of  this  sea  can  be  found  in  the  Salt  Range,f  in  S.  E.  Afghanistan  and  the 
neighbourhood  of  the  Khyber,t  in  Baluchistan,§  in  Northern  and  Western  Afghanistan, j| 
Persia,1I  Kashmir,**  the  Centraltf  and  Eastern  Himalaya  ;JJ  eastward  it  extended 
into  China  and  westward  into  Europe.  §§ 

Of  the  northerly  extension  of  the  sea  beyond  the  Indo-Tibetan  frontier  we  ^as 
yet  know  nothing,  -but  among  the  exotic  blocks  of  Kumaun,  already  referred  to 
{supra,  p.  238),  are  masses  of  limestone  containing  a  fauna  similar  to  that  of  the 
Productus  limestone  of  the  Salt  Range,  and  we  therefore  conclude  that  Ngari  Khorsum 
at  least  was  submerged  at  this  period. 

Li  this  connection  we  may  draw  attention  to  the  important  and  interesting  work 
recently  carried  out  in  China  by  Messrs.  Bailey  Willis,  E.  Blackwelder,  and  R.  H.  Sargent, 
the  results  of  which  have  been  published  by  the  Carnegie  Institution  of  Washington.  ||  || 
Li  the  second  volume  Mr.  Willis  discusses  the  distribution  of  land  and  sea  in  Eastern 
and  Central  Asia  during  past  geological  ages,  and  assumes  that,  throughout  the  whole 
Extension  of  the  Dravidian  Tethys  ^i  the  PalsBOzoic  era,  Tibet  was  a  continental  area,  which 
over  Tibet.  j^^  designates  Isle  Tibet,    Having    regard  to  our  presei^t 

ignorance  of  the  geology  of  the  greater  part  of  Tibet,  we  can  offer  no  direct  observations 
bearing  on  this  question ;  but  if  we  turn  to  north-eastern  Ladak,  we  find  Palaeozoic 
rocks  exposed  in  the  neighbourhood  of  Changchenmo  and  Pangong  Lake,  and  if,  as 
appears  to  be  the  case,  the  trend  of  these  beds  is  the  same  as  that  of  the  rest  of  th$ 
Tibetan  zone  in  Kashmir,  Spiti  and  Kumaun,  we  should  expect  to  find  them  well  to  th^ 
north  of  the  head-waters  of  the  Indus  and  the  Brahmaputra  in  Western  and  Central 
Tibet.  We  are,  therefore,  inclined  to  believe  that  Palaeozoic  beds  do  occur  in  the 
great  lake-basin  of  Central  Tibet.  They  may  possibly  be  hidden  by  the  younger 
(Mesozoic)  deposits  to  which  we  shall  refer  subsequently,  but  it  may  reasonably  b^ 
expected  that  they  will  be  found  to  crop  out  here  and  there,  and  thus  prove  that  the 
sea  in  which  the  Dravidian  (Palaeozoic)  rocks  of  the  Tibetan  zone  were  laid  down  was 
not,  as  has  been  assumed,  merely  a  strait  connecting  Eastern  and  Western  Asia,  but 
extended  northwards  over  a  great  part  of  Tibet. 

♦  Beeorde,  Geological  Survey  of  India,  Vol.  XXXVI,  23  (1907). 
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Towards  the  close  of  the  PalsBOZoic  era,  the  Central  Asian  sea,  which  had  extended' 

from  India  to  China  on  the  one  side  and  Europe  on  the  other 

Extension  of  the  Af3ran  Tethys.  j      n     -l  .  -i  *  * 

gradually  began  to  recede  westwards,  and  in  Triassic  times . 
much  of  China  had  become  a  I'and-suxf ace.  The  sea,  however,  still  lay  over  the  Himalaya, 
and  its  connection  with  the  European  sea  is  proved  by  the  large  number  of  identical 
species  of  marine  fossils  found  in  the  Triassic  deposits  of  the  Alps  and  the  Himalaya. 
During  the  earlier  part  of  the  Triassic  epoch  the  Salt  Range  formed  part  of  the 
Tethys,  which  also  covered  Kashmir  and  Hazara,  and  appears  to  have  extended  into 
Eastern  Afghanistan.  Later  on,  connection  with  the  whole  of  China,  except  the  south- 
em  part,  appears  to  have  been  cut  off,  and  in  Upper  Triassic  times  the  Salt  Range  also 
became  a  land-surface,  but  the  sea  extended  from  Eastern  Afghanistan  into  Balu- 
chistan,  and  also  from  Kashmir  through  the  Pamir  into  Bokhara.  These  changes 
did  not  affect  the  Himalayan  area  and  Kashmir,  both  of  which  remained  submerged 
throughout  the  whole  of  the  Mesozoic  era. 

During  the  Jurassic  period  great  changes  in  the  distribution  of  land  and  sea  took 

Its  vicissitudes    during    the     placc  in  Asia.    The  Continental  phase,  indications  of  which 

Jurassic  period.  ^^^  ^^  ^^  ^^  l^^^  ^^  ^j^^  ^j^^^  ^j  ^^^  PalfiBozoic  era,  became 

largely  developed,  and  there  arose  on  the  north  a  great  continent  named  by  Suess 
•'  Angaraland,"*  which  was  analogous  to  Gondwanaland  on  the  south,  and  the  site  of 
which  is  now  marked  by  a  series  of  fresh- water  beds  and  coal-seams,  comparable  to 
the  Gk)ndwanas  of  India.  Communication  between  the  Himalayan*  Tethys  and  the 
Mesozoic  sea  of  Europe  remained  open,  and  the  whole  of  Southern  Tibet  was  sub- 
merged. At  the  same  time  the  sea  extended  once  more  to  the  Salt  Range  and  thence 
through  Baluchistan  and  Southern  Afghanistan  to  Persia.  Northern  Afghanistan,  how- 
ever,  became  dry  land,  on  which  flourished  a  flora  similar  to  that  of  Angaraland  at 
the  same  period.  That  the  latter  part  of  the  Jurassic  epoch  was  characterised  by 
the  gradual  shallowing  of  the  Himalayan  and  Tibetan  sea  is  proved  by  the  nature  of 
the  uppermost  Jurassic  deposits,  the  Spiti  shales,  which  are  composed  of  fine  detritat 
sediments  alternating  here  and  there  with  beds  of  coarser  material. 

Similar  conditions  prevailed  for  the  most  part  during  early  Cretaceous  times  but 

Great  extension   (transgression)      "^  *^^  ^^**^^  P^^  ^*  *^^  P^"^d   a  great  extension  of    the    SCa. 

of  the  sea  during  the  Cre'caceous    took  place  and  many  areas  that  had  previouisly  been  land 

became  submerged.  Connection,  through  Northern  Africa, 
and  North- Western  India  (Baluchistan  and  Afghanistan),  between  the  Mediterranean 
of  Europe  and  the  sea  of  Western  India  was  now  thoroughly  established,  and  its  pro- 
gress is  seen  in  the  overlap  of  the  upper  Cretaceous  beds  over  older  formations  which 
had  been  subjected  to  sub-aerial  erosion  during  Jurassic  and  early  Cretaceous 'times. 
The  Cretaceous  sea  extended  along  the  whole  of  the  site  of  what  we  now  term  the 
Tibetan  zone  of  sedimentary  rocks  and  probably  stretched  far  to  the  north  over  much 
of  Tibet.    Eastern  Tibet  and  China,  however,  were  now  a  continental  area*  A 


•  La  Face  de  la  Q'erre,  HI,  27  (1902). 
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This  **  transgression  "  of  the  upper  Cretaceous  sea  indicates  a  widely  extended 
subsidence  of  the  land,  affecting  north-westem  India,  Afghanistan,  Western  Asia  and 
probably  much  of  Tibet.  On  the  Indo-Tibetan  frontier,  however,  there  was  no  marked 
movement  of  subsidence,  for  the  Cretaceous  deposits  of  the  Tibetan  zone  of  the  Himalaya 
are  largely  characterised  by  sediments  such  as  are  laid  down  in  the  neighbourhood  of 
a  coast-line.  Associated  with  these  on  the  southern  frontier  of  Ngari  Khorsum  are 
beds  of  tuff,  which  indicate  the  presence  of  volcanoes  at  no  great  distance  and  prepare 
us  for  the  volcanic  disturbances  that  ushered  in  the  great  epoch  of  mountain-building 
which  produced  the  mighty  ranges  of  the  Himalayan  chain. 

We  have  already  seen  that  the  Cretaceous  sea  lay  over  a  great  part  of  Tibet  and 
extended  as  far  south  as  the  northern  frontier  of  Sikkim.  At  the  same  time  the  ShiUong 
Plateau  was  imder  water  and  was  part  of  the  floor  of  an  ocean  which  extended  along 
what  is  now  the  east  coast  of  the  Indian  Peninsula  but  was  then  the  submerged  edge 
of  Gondwanaland  which,  at  the  beginning  of  the  Cretaceous  period,  still  survived  as  a 
continent,  though  probably  much  reduced  in  size  ;  this  continent,  however,  appears  to 
have  begun  to  break  up  during  the  latter  part  of  the  period  and  in  upper  Cretaceous 
(senonian)  times  direct  connection  was  established  between  the  North  African  sea 
and  the  Pacific,  through  a  strait  separating  India  from  Madagascar. 

It  is  possible  that  there  may  have  also  been  a  narrow  and  shallow  arm  of  the  sea 

Possible  connection  between  the    running  through  that   curious   depression   which   is   now 

Tethys  and  the  Indian  ocean.  gjj^^  ^^  ^j^^  Indo-Gangetic  aUuvium.    That  in  early  Tertiary 

times  the  western  sea  flowed  over  what  is  now  the  south-western  foot  of  the  Himalaya 
almost  up  to  the  meridian  of  Naini  Tal  is  clear  from  the  presence  of  nummulitio 
limestone  all  along  that  belt,  and  in  the  Tal  beds  there  is  some  indication  of  a  shallow 
arm  having  reached  Garhwal  at  a  much  earlier  period,  probably  sometime  during  the 
Jurassic  epoch;*  it  would  not,  therefore,  be  surprising  to  find  that  the  great  upper 
Cretaceous  transgression  also  affected  this  area.  The  absence  of  any  Cretaceous  rocks 
in  this  part  of  the  Himalaya  is  certainly  an  argument  against  this  supposition,  but 
they  may  either  have  been  completely  removed  by  denudation  at  a  subsequent 
period  or  may  be  merely  hidden  by  the  alluvium. 

There  is  at  present  no  evidence  that  the  arm  of  the  Pacific  in  which  the  Cretaceous 
beds  of  Burma  and  Assam  were  deposited  was  connected  with  the  Tibetan  sea  ;  this  can 
only  be  decided  by  exploration  in  the  unsurveyed  country  around  the  head- waters  of  the 
Lohit  Brahmaputra  and  the  Irrawaddy.  If  there  was  no  connection  between  the  two 
oceans,  the  Eastern  Himalaya  must  have  been  at  this  time  either  a  narrow  peninsula 
running  out  from  the  Chinese  mainland  or  else  an  isthmus  connecting  that  continental^ 
area  with  Gondwanaland. 

Several  periods  of  volcanic  activity  have  left  their  records  in  the  Himalayan  area. 
Of  these,  two  occurred  during  Purana  times  and  a  third  at  the  middle  of  the  Car- 
boniferous period ;    another  has  been   ascribed  f   to  the   upper    Cretaceous    epoch, 

*  C.  S.  Middlemiss :  Records,  Geological  Survey  of  India,  Vol.  XX,  26  (1887). 
t  A  von  Krafft :  Mtmoirs,  Geological  Survey  of  India,  Vol.  XXXII,  pt.  3  (I9D2). 
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a  period  marked  in  the  Peninsula  by  the  great  outpouring  of  lava  which  constitutes  the 

Deccan  trap.  From  this  time  onward  there  was  a  steady 
retreat  of  the  sea  from  Tibet  and  the  adjacent  portions  of 
the  Himalaya ;  there  were,  no  doubt,  local  oscillations  of  the  coast-line  as  indicated^ 
for  instance,  by  the  overlap  of  the  nummulitic  beds  of  Kashmir  over  older  fresh>water 
deposits,  but  by  the  end  of  the  eocene  period,  Tibet  and  the  Himalaya  had  finally 
become  dry  land,  and  the  western  sea  had  been  driven  back  to  Sind  and  Balu- 
chistan. This  last  phase  in  the  marine  history  of  the  Himalayan  area  was  accom- 
panied throughout  the  whole  Indo-Tibetan  region*  by  great  volcanic  activity, 
which  was  no  doubt  intimately  connected  with  the  crustal  disturbances  to  which 
the  origin  of  the  Himalaya  is  to  be  attributed.  The  igneous  phase  began  with  the  in- 
trusion of  masses  of  granite  into  the  sedimentary  deposits  of  the  Tibetan  zone ; 
subsequently  there  were  outbursts  of  basic  lavas  which  flowed  over  parts  of  Ladak, 
Ngari  Khorsum  and  western  Tibet,  whilst  dykes  of  basalt  and  allied  rocks  were  formed 
by  the  injection  of  the  basic  magma  into  fissures  both  in  the  sedimentary  beds  and  in 
the  granite. 

Volcanic  activity  seems  to  have  been  most  intense  in  the  neighbourhood  of  Lake 
Manasarowar,  which  has  more  than  once  been  an  area  of  special  disturbance,  and  the 
comparativelyrecentchangeinthedirectionof  flowof  the  upper  Brahmaputra,  to  which 
attention  has  been  drawn  in  a  previous  chapter  (supra^  p.  155),  is  an  indication  of 
elevation  having  occurred  in  this  area  at  no  very  distant  date  in  the  past  {supra^  p.  178). 

Although  the  volcano  of  Barren  Island  in  the  Bay  of  Bengal  was  active  during  the 
past  century,!  and  other  volcanoes  in  Eastern  Persia  on  the  immediate  confines  of 
Afghanistan  are  not  yet  extinct, J  there  is  no  indication  of  recent  volcanic  activity  in 
the  Himalayan  region*  In  Central  Tibet  Mr.  Littledale  records  a  large  number  of 
volcanoes,  none  of  which,  however,  appears  to  have  been  active  at  the  time  of  his 
visit.  § 

Summary. 

If,  now,  we  endeavour  to  summarise  the  geological  history  of  the  Himalayan  area, 
we  find  that  at  the  earliest  time  of  which  we  have  any  record,  it  was  part  of  the  floor 
of  the  Purana  sea,  which  stretched  over  much  of  what  is  now  the  Indian  Peninsula ; 
owing  to  elevation,  this  area  subsequently  became  dry  land  and  the  sea  retired  to  the 
north,  where  it  remained  throughout  the  whole  period  covered  by  historical  geology 
from  early  Cambrian  times  until  the  middle  of  the  Tertiary  epoch ;  local  oscillations 
occurred  from  time  to  time,  the  see,  retreating  northwards  but  c^gain  returning  to  cover 
the  recently  eroded  land  with  marine  deposits.     Its  southern  shores,  however,  never 

*  A.  y on  Kx&St:  Memoit  3,  Geological  Survey  of  India,  Vol  XXXU,  pt.  3  (1902) ;  H.   H.  Hayden:   Memoirs, 
Oeologioal  Survey  of  Jnciia,  XXX  VI,  pte.  1  and  2. 

+  F.  R.  Mallet :  Memoirs,  Geological  Survey  of  India,  VoL  XXI,  pt.  4  (1886). 

X  E.  Vredenburg,  Memoira,  Geological  Survey  of  India,  Vol.  XXXI,  pt.  2  (1901). 

§  St.  G.  R.  LittledAle:   Geographical  Journal,   Vol.    VII,  463   (1896).     For  numerous  references  to    recent 
volcanoes  in  tbe  Kuen  Lun  range  see  Suess,  La  Face  de  la  Terre,  III,  268  (1902). 
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seem  to  have  moved  very  far  one  way  or  the  other,  and  that  part  of  the  Himalayan  area 
lying  on  the  Indian  side  of  the  line  of  great  peaks  may  be  regarded  as  approximately 
the  northern  coast  of  Gondwanaland.  It  is  probable,  therefore,  that  since  very  early^ 
times  the  greater  part  of  the  Himalaya  has  been  a  land-smrface.  ;|j| 

Towards  the  end  of  the  Mesozoic  era  the  sea  encroached  both  from  the  west  and 
from  the  east  and  either  completely  or  partly  cut  off  the  Himalayan  area  from  Gondwa- 
naland* 

The  general  history  of  the  Himalayan  area  may  be  tabulated  as  under  : — 

PURANA  ERA. 

Much  of  Peninsular  India  and  the  Himalayan  area  covered  by  a  sea  which  may 
have  extended  to  China.  Volcanic  activity  during  Jaunsar  and  Carbonaceous  periods^ 
Blaini  glacial  epoch. 

DrA VIDIAN  ERA. 

Emergence  and  conversion  into  dry  land  of  Peninsular  India  and  the  southern 
parts  of  the  Himalayan  area. 

Haimanta  period. — Submergence  of  Salt  Range  area  and  Tibetan  zone  of  Him- 
alayan area — probably  also  Tibet — beneath  a  sea,  which  extended  to  China 
and  possibly  to  North  America. 

MtUh  and  Lower  Karuiwar  periods. — Salt  Range  area  became  dry  land  but  sea  still 
spread  over  Tibetan  zone  eastwards  to  China  and  towards  the  end  of  the 
period  westwards  to  the  European  ocean.     Panjal  volcanic  period  in  Kashmir. 

Aeyan  era. 

Upper  Kanawar  and  Ruling  periods. — Gondwana  glacial  epoch  in  India,  Africa  and 
Australia.     Extension  of    continental  conditions  to  Kashmir,  followed   by  re- 
submergence  affecting  Salt  Range  area,  Kashmir  and  the  whole  Tibetan  zone ; 
local  oscillations  of  land  and  sea  in  Spiti  and  Kumaun. 

Lilathg  period. — ^Marine  conditions  completely  established  throughout  Tibetan 
zone ;  re-emergence  of  Salt  Range  area.  The  Tethys  covered  much  of  Cen- 
tral Asia  and  was  continuous  with  the  Triassic  sea  of  Europe. 

Jurassic  period. — Gradual  rise  of  land  and  shallowing  of  Tethys  throughout  the 
Tibetan  zone.  North-  East  Afghanistan  a  land  surface,  probably  a  part  of 
Angaraland. 

Cretaceous  period. — Further  rise  of  land  in  Tibetan  zone,  with  extension  of  sea 
('^transgression'')  to  Afghanistan  and  Assam.  Volcanic  disturbances  in 
Ngari  Khorsum. 

Tertiary  epoch. — Period  of  mountain-building :  final  emergence  of  Himalaya  and 

Tibet  and  disappearance  of  the  Tethys,    Volcanic  activity  during  eocene^ 

period. 

s2 
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AGE  OF  THE  HIMALAYA. 

There  is  no  evidence  to  show  that  the  Himalaya^  as  a  great  mountain  range,  are 

older  than  the  latter  part  of  the  eocene  period.     There  are 

Post-Purana  crustal  movement.  ,      ,        ,,        .  -  -  . 

undoubtedly  signs  of  former  periods  of  considerable  folding ; 
i;hus,  the  Purana  rocks  were  folded  and  compressed  daring  the  earth-movements  that 
resulted  in  the  birth  of  Gondwan aland,  but  the  Himalayan  area  then  became  the  northern 
coast  of  the  new  continent  and  was  not  necessarily  a  mountain  range.  Towards 
the  end  of  the  Haiilianta  (Cambrian)  period  local  folding  again  took  place,  for  we  find 
Upper  Cambrian  movement.         *^^  (Ordoviciau)  conglomerates  of  the  Muth  system  in  Spiti 

lying  on  the  eroded  edges  of  folded  beds  of  Middle  Cambrian 
age.  After  this,  no  tectonic  movements  of  great  intensity  seem  to  have  occurred  imtil 
the  last  upheaval  of  the  Himalaya  and  Tibet  in  Tertiary  times.  Movements  there 
undoubtedly  were,  as,  for  instance,  during  the  Carboniferous  period  when  marine  sedi- 
ments were  raised  up,  denuded  and  again  depressed  beneath  the  sea,  but  the  parallelism 
to  these  older  beds  of  the  younger  deposits  subsequently  laid  down  on  them  shows  that 
the  former  underwent  no  contortion,  but  were  merely  subjected  to  a  gentle  uplift 
without  violent  crustal  compression.  Thus  we  have  no  evidence  of  mountain  building 
in  the  Himalayan  region  before  the  Tertiary  period.  The  movement  which  was  so  pro- 
Eocene  and  oiigocene  distur-  Douuced  during  this  latter  period  probably  began  in  late 
^^^'  Cretaceous  times  and  continued  throughout  the  eocene  and 

Middle  Tertiary  periods.  That  it  was  still  active  during  the  pliocene  epoch  is  proved 
by  the  great  series  of  overthrusts  along  the  outer  foot  of  the  Himalaya,  the  origin  and 
.history  of  which  have  been  so  admirably  traced  out  by  Mr.  C.  S.  Middlemiss.*  ,    . 

The  movements  which  affected  the  Siwalik  (pliocene)  deposits  of  the  outer  Himalaya 
puocene  and  post-piiocene  dis-    ^^^^  ^<>*  coufiued  to  the  neighbourhood  of  the  Indo-Gange- 
^^^'^'  tic  plain,  but    extended  to  such  widely  separated  regions 

as  Afghanistan  and  Ngari  Khorsum.  In  the  former  area  all  the  great  river  valleys  of 
Eastern  Afghanistan  are  filled  with  beds  _  of  sand-rock  |and  conglomerate  which  are 
exactly  similar  to  the  Siwalik  deposits  of  the  Indian  "  duns,"  f  and  have,  like  them 
undergone  much  folding  and  tilting.  In  Ngari  Khorsum  (Hundes)  similar  deposits 
were  observed  by  Mr.  Griesbach  in  the  Nukchung  valley, J  and  these  also  show  signs 
of  considerable  disturbance.  As  the  age  of  these  deposits  is  pliocene,  it  is  clear  that 
even  at  the  end  of  this  epoch  the  crustal  movement,  to  which  the  Himalaya  owe  their 
origin  as  a  mountain  range,  was  still  active. 


♦  Memoira,  Qeologieai  Survey  of  India,  Vol.  XXIV,  pt.  2  (1890). 

t  Dun  ifl  the  Indian  term  for  the  narrow  longitudinal  valleys  lying  between  the  outer  Siwalik'rancea  and  the 
higher  hills  of  the  Leaser  Himalayan  ranges  {aupra,  p.  85.V  "  «"  »4«7 

I  Mmoirs,  Geological  Survey  of  India,  Vol.  XXm  (1891). 
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In  the  next  geological  period,  however,  the  Himalaya  appear  to  have  reached  a 
Ossiferous  beds  of  Ngari  Khor-    Stage   of  Comparative    quiescence.    In    the    upper    valley 
sum  of  the  Sutlej  in  Ngari  Khorsum  there  are  vast  deposits  of 

boulders,  sand  and  clay,  in  which  occur  remains  of  mammals  *  regarded  by  Mr.  Lydekker 
as  of  pleistocene  agcf  The  exact  origin  of  these  deposits  has  not  been  definitely 
ascertained,  but  they  are  now  generally  regarded  as  fluviatile,  though  possibly  also  in 
part  lacustrine,  t  They  lie  unconformably  on  the  tilted  pliocene  sandstones,  but  are 
themselves  almost  perfectly  horizontal,  thus  showing  that,  since  their  deposition,  no 
violent  disturbance  has  affected  this  part  of  the  Himalayan  region. 

In  the  valley  of  Kashmir,  very  similar  deposits  occur,  where  they  are  known 

under  the  name  of  Karewa.    These  have  been  described 

and  Karcwas  of  Kashmir  .....  i  •  i_  j;    i 

from  tmie  to  time  by  vanous  observers  as  of  lacus- 
irine  origin,  but  from  a  detailed  study  of  them  in  recent  years,  Mr.  R.  D.  Oldham 
has  concluded  that  their  mode  of  origin  was  similar  to  that  of  the  alluvial  deposits  in 
process  of  formation  in  the  same  valley  at  the  present  day.§ 

If  we  are  right  in  regarding  the  ossiferous  deposits  of    Ngari  Khorsum  and  the 
.  ..  ^     .  ,  „. .  „,„    Karewas  of  Kashmir  as  of  pleistocene  age,  we  are  led  to 

indicate  quiescence  of  Himalayan  ^  <=^  ' 

region  since  pleistocene  times.  infer  that  the  general  features  of  the  Himalaya  were  at  that 
period  much  as  they  are  at  the  present  day.  We  have  already  seen  {supray  p.  210) 
that  the  main  drainage  lines  date  back  as  far  as  the  pliocene  epoch,  and  that  the 
rivers  which  brought  down  the  sand  and  boulders  from  the  mountains  to  build  up 
the  Siwaliks  of  the  duns  and  of  Hundes  were  the  direct  ancestors  of  our  modem 
Sutlej  and  Ganges. 

Of  the  topography  of  the  Himalayan  area  before  this  period  we  as  yet  know 
practically  nothing,  but  it  is  clear  that  the  old  coast-line  of  Gondwanaland  cannot  have 
been  very  far  from  the  present  southern  boundary  of  the  Tibetan  zone  of  sediments,  and 
detailed  surveys  will  very  possibly  reveal  the  sites  of  pre-pliocene  rivers,  as  indicated 
by  the  coastal  or  estuarine  deposits  laid  down  at  their  mouths.  During  the  PalsBOZoic 
and  much  of  the  Mesozoic  periods,  when  the  Indian  Peninsula  and  the  zone  of  oldest 

rocks  of  the  Himalaya  formed  part  of  Gondwanaland,  rivers 
e  sys  em.  jj^^q^  ji^ve  flowed  uorthwards  from  India  to  the  Tethys, 
and  we  have  already  noticed  the  evidence  of  the  direction  of  drainage  afforded  by  the 
pebbles  of  the  Salt  Range  boulder-bed  {supra,  p.  261).  In  the  distant  future,  when 
the  geology  of  the  Himalaya  is  known  as  intimately  as  that  of  England  and  parts  of 
contmental  Europe  at  the  present  day,  the  presence  of  deposits  like  the  Gangamopteris 
beds  of  Kashmir  may  enable  us  to  locate,  among  the   sedimentary  beds  of  the  Tibetan 


♦  R.  Strachey:  Qmrteriy  Journal,  Geological  Society,  Vol.  VII,  292  (1851);  C.  L.  Griesbach:  Memoirs, 
Geological  Survey  of  India,  Vol.  XXIII  (1991). 

t  Beeorda,  Geological  Survey  of  India,  Vol  XIV,  178  (1881). 

t  Manual  of  the  Geology  of  India,  2nd  edition,  422  (1893). 

§  Becords,  Geological  Sutmy  of  India,  Vol.  XXI,  167  (1888) ;  T.  H.  HoUand,  Beeorda,  Geological  Surve^f  of 
^ndia.  Vol.  XXXU,  162  (1906). 
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zone,  the  sites  of  some  of  the  estuaries  of  this  old  drainage  system,  but  all  traces  of  its- 
river-vallevs  through  the  central  zone  must  have  long  since  been  removed  by  the  sub- 
sequent processes  of  denudation,  whilst  the  new  drainage  system,  which  has  gradually 
arisen  in  a  reverse  direction,  has  replaced  and  obliterated  the  old.* 

Of  the  present  river-valleys  of  the  Himalaya,  one  at  least  can  be  shown  to  have 
Indus  valley  an  old  structural     ^^isted  as  early  as  in  the  eocene  period.    In  the  Upper  Indus 
depression.  valley  in  Kashmir  are  beds  of  either  fresh- water  or  estuarine 

origin,  which  are  of  eocene  age.  They  form  a  long  and  narrow  strip  in  the  present 
valley  and  mark  the  position  of  an  old  river- valley  or  of  an  estuary,  which  was  appa- 
rently connected  with  the  Tibetan  portion  of  the  Tethys. 

Subsequent  oscillations  of  the  relative  level  of  land  and  sea  led  to  these  fresh- water 
beds  being  covered  by  marine  deposits  containing  nummulites,  but  the  latest  phase  in 
the  elevation  of  this  area  has  resulted  in  the  removal  by  denudation  of  the  cap  of  younger 
beds  and  the  old  valley  has  been  thud  once  more  exposed  to  view.  The  presence  of  a 
valley  along  approximately  the  same  line  at  two  periods  separated  by  such  a  great 
interval  of  time  shows  that  its  origin  is  not  due  to  mere  erosion,  but  must  be  attributed 
to  structural  causes,  connected  Tvith  the  folding  of  the  earth's  crust,  and  producing  a 
depression  which  was  first  outlined  at  least  as  long  ago  as  the  eocene  period.  This, 
again,  is  a  further  indication  that  the  movements  which  finally  resulted  in  the  upheaval 
of  the  Himalaya  were  already  operative  at  that  period. 

Although  the  practically  undisturbed  condition  of  the  pleistocene  beds  of  Ngari 

.     Khorsum  and  of  the  Karewas  of  Kashmir  leads  us  to  sup- 
Recent  movement  as  evidenced  ^  ^  tr 

(I)  by  earthquakes :  pose  that  there  havc  been  no  violent  disturbances  in  the 

Himalayan  region  since  their  deposition,  many  facts  suggest  that  the  apparent 
quiescence  is  only  comparative  and  that  movement  tending  to  a  further  rise  of 
the  Himalaya  is  now  in  progress.  That  movement  has  not  ceased  is  evident  from  the 
frequent  earthquakes  occurring  in  the  Himalaya  and  Afghanistan,  and  such  catas- 
trophes as  the  Kashmir  earthquake  of  1885,t  those  of  Shillong  in  1897  {  and  of 
Kangra  in  1905  §  forcibly  remind  us  that  the  Himalayan  region  is  by  no  means  at 
rest.  1 1 

These,  however,  do  not  serve  to  give  us  any  indication  of  the  direction  of  movement, 

which  we  can  at  present  deduce  only  indirectly  from  other 

(2)  bv  desiccatioti  i 

phenomena.  Amongst  these  may  be  mentioned  the  obser- 
vations already  referred  to  (supra ,  p.  204)  in  connection  with  the  apparent  progressive 
desiccation  of  the  Tibetan  lakes,  a  phenomenon  which  has  been  regarded  as  due  to  the 
rise  of  the  Himalaya  and  consequent  cutting  off  from  Tibet  of  the  moisture-laden 
monsoon  winds.     Evidence  of  such  rise  being  now  in  progress  is  also  to  be  found  in  the 

♦  Since  the  above  waa  written,  a  paper  has  been  published  by  Mr.  R.  D.  Oldham,  on  "  The  Valleys  of  the  Hima- 
layas/' Geographical  Journal,  XXX,  512  (1907),  in  which  he  also  refers  to  such  a  pre-existing  drainage  system. 

t  E.  J.  Jones  :  Rttcords,  Geological  Survey  of  India,  Vol.  XVIII,  221  (1885). 

X  R.  D.  Oldham  :  Memoirs,  Geological  Survey  of  India,  Vol.  XXIX  (1899),  XXX  (1901). 

§  C.  S.  Middlemiss  :  Records,  Geological  Survey  of  India,  Vol.  XXXII,  268  (1905). 

II  For  a  complete  list  of  Indian  earthquakes  up  to  the  end  of  the  year  1869,  see  T.  Oldham :  Memoirs^ 
Geological  Su7vey  of  India,  Vcl.  XIX,  pt.  3  (1883). 
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present  condition  of  the  chief  HimaUiyan  rivers.  The  general  tendency  of  a  river  rising 
in  a  mountainous  region  and  flowing  out  on  to  a  plain  is  to  remove  material  from  its  upper 
reaches  in  the  mountains,  where  its  gradient  is  steep,  and  deposit  it  on  the  plains  at  their 
foot ;  as  this  process  proceeds,  the  river  gradually  cuts  down  its  channel,  working  most 

(3)  by   rejuvenation  of  the    rapidly  in  the  higher  regions  where  its  gradient  is  naturally 
streams.  steeper  and  less  rapidly  lower  down.     Where  the  gradient 

is  steep  and  the  current  rapid,  the  water  carries  with  it  large  quantities  of  material 
such  as  boulders,  pebbles  and  sand ;  where,  however,  the  current  is  less  rapid  in  the  lower 
reaches,  iU  force  is  insufficient  to  carry  the  wliole  of  its  load  and  some  or  all  of  it  is  depo- 
sited. The  tendency  of  the  river  is  therefore  to  remove  material  from  its  upper  reaches 
and  deposit  it  in  the  lower,  thus  producing  a  flattening  of  its  gradient  throughout,  in 
consequence  of  which  the  depositing  section  of  the  stream  gradually  creeps  further  and 
fxuliher  back  towards  its  head.  If,  during  this  process,  the  land  round  the  head- waters 
of  the  stream  undergoes  a  movement  of  elevation,  the  gradient  and  consequently  the 
erosive  power  of  the  stream  will  be  increased  and  the  water  begin  to  cut  a  channel 
through  the  deposits  which  had  accumulated  in  the  lower  valleys.  This  phenomenon 
is  known  as  the  rejuvenation  of  a  stream. 

At  the  present  day  the  great  Himalayan  rivers  are  not  depositing  in  their  lower 
reaches,  except  near  the  points  at  which  they  debouch  from  the  mountains  and  conse- 
quently are  not  in  that  stage  of  equilibrium  which  characterises  an  old  river.  On  the 
other  hand,  their  valleys  are  cut  through  horizontal  deposits  of  boulders  and  river- 
oravels,  which  can  be  seen  to  extend  many  hundreds  of  feet  above  the  present  stream- 
bed.*  It  is  clear,  therefore,  that  where  the  rivers  are  now  in  the  active  stage  of  abrad- 
ing, they  were  once  depositing  streams  and  filled  their  rocky  valleys  with  the  sands 
and  gravels  through  which  they  have  since  re-excavated  their  channels.  They  have, 
therefore,  undergone  rejuvenation  presumably  due  to  uplift  of  the  highlands  amongst 
which  they  rise. 

When  this  uplift  began,  we  are  not  yet  in  a  position  to  say  since  we  have  at  present 

no  evidence  of  the  age  of  most  of  these  old  river-deposits. 
It  has  already  been  pointed  out  that  the  ossiferous  beds  of 
Hundes  are  probably  of  pleistocene  age,  whilst  the  Karewas  of  Kashmir  have  been 
attributed  to  the  same  period ;  the  other  high-level  alluvial  deposits  foimd  in  the  Sutlej 
and  the  Indus  may  be  of  the  same  age  or  may  be  of  later  date,  but  we  are  justified  in 
assuming  that  during  the  pleistocene  epoch,  and  probably  for  some  little  time  afterwards, 
little  or  no  movement  took  place  in  the  Himalaya,  and  the  rivers  gradually  tended  to 
assume  a  state  of  equilibrium,  which,  however,  was  subsequently  disturbed  by 
further  elevation  of  the  higher  ranges  and  the  Tibetan  region,  resulting  in  increase  of 
gradient  and  consequent  rejuvenation  of  the  streams,  and  the  present  steep  gradients 
of  most  of  the  Himalayan  rivers  lead  us  to  conclude  that  uplift  is  either  still  in  progress 
or  has  only  quite  recently  ceased. 


♦  H.   B.  Medlicott:    Record^  Qedogical  Survey  of  India,  Vol.  IX,  55  (1870);    W.  Lydekker :    Memoirs^ 
^eo'oglcal  Survey  of  India,  Vol.  XXTI  (1883). 
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Similar  evidence  of  recent  elevation  of  the  higher  ranges  of  the  Himalaya  has  been- 

Evidence  of  upUft  afforded  (X)     d^d^ced  by  Mr.  K.  D.  Oldham  from  the  manner  in   which, 
bjr  cutting  back  of  streams ;  many  of  the  southward-flowing  streams  are    rapidly    cut* 

ting  back  into  the  catchment  areas  and  capturing  the  drainage  of  the  Tibetan  rivers  on 
the  north.*  Striking  examples  of  this  are  furnished  by  the  6anges,t  the  Tista:|: 
and  the  Sind  river  in  Kashmir.§ 

A  most  instructive  example  of  this  rapid  cutting  back  of  the  southward-flowing 
(2)  by     "hanging  valleys"  in    Streams  ou  the  southcm  flauks  of  Kinchin junga  in  Sikkim 
*^^"  has  been  described  by  Prof-  Garwood-H    Here  the  Rathong 

Chu  II  and  Praig  Chu,  feeders  of  the  great  Eangit,  have  cut  back  their  heads  so 
rapidly  that  they  have  actually  truncated  and  captured  what  was  formerly  an  important 
eastward -flowing  tributary  of  the  Tista.  So  rapid  has  been  the  work  of  these  two  streams 
that  they  have  cut  deep  chasms  or  gorges  across  the  old  valley,  with  the  result  that  the 
renmant  of  this  former  tributary  of  the  Tista  is  now  only  a  small  stream,  which  "  occu- 
pies a  nearly  level  upland  glen,  three  miles  in  length  and  some  2,000  feet  above  the 
floor  of  the  Rathong  Chu,  and  this  elevation  is  maintained  nearly  to  its  mouth,  whence 
it  empties  itself  by  precipitous  cascades  into  the  valley  beneath."  This  rapid  head 
erosion  and  "  piracy  "  on  the  part  of  the  Rathong  Chu  is  ascribed  to  recent  elevation 
of  the  Kinchinjunga  massif  lying  to  the  north ;  such  elevation  would  increase  the 
gradient  and  consequently  the  erosive  power  of  the  Rathong  Chu  while  not  affecting 
that  of  the  eastward-flowing  stream,  which  would  be  merely  tilted  sideways.**  Here 
we  see  that  local  uplift  will  account  not  only  for  the  formation  of  a  deep  gorge  on  the 
flank  of  a  range,  but  also  to  some  extent  for  those  curious  side  valleys  w?iich,  as  Prof. 
Garwood  graphically  expresses  it,  appear  to  be  suspended  in  mid  air  high  above  the 
level  of  the  main  valley,  which  they  join  in  a  sheer  precipice.  The  difference  of  level 
between  these  "  hanging  "  valleys  and  the  main  stream  is  thus  due  partly  to  more  rapid 
erosion  of  the  channel  of  the  latter,  through  a  steepening  of  gradient  attributable  to 
uplift  of  the  mountains  at  its  head,  but  partly,  in  Prof.  Garwood's  opinion,  to  the 
recent  occupation  of  the  hanging  valleys  by  glacierri  which  have  protected  them  from 
the  effects  of  river  erosion. 

Such  uplift  has  also  been  regarded  as  a  contributory  cause  of  the  deep  and  narrow 

gorges  to  be  seen  in  so  many  of  the  Himalayan  rivers.     In  a 

(3)  by  gorges.    Origin  of  gorges.  ,  o  ^  x        jr  i.         i         i     i^ 

previous  part  (supray  p.  184),  reference  has  already  been  made 
to  these  gorges  and  various  possible  modes  of  origin  suggested.     Two  of  these  are  of 


♦  Journal,  Manchester  Oeographiccd  Society,  Vol.  IX,  112  (1893). 

t  n>id. 

X  H.  H.  Hayden  ;  Memoirs,  Geological  Survey  of  India,  Vol.  XXXVI,  pt.  2  (1907). 

J  R.  D.  Oldham :  Becords,  €hok>gieal  Survey  of  India,  Vol.  XXXI,  142  (1904). 

II  "  The  Geological  Strncture  and  Physical  Features  of  Sikkim  "  in  D.  W.  Freshfield's  Round  Kangcheniunaa^ 
296  (1903). 

^  Chnssstream  or  river  (Tibetan). 

**  Op.  cit,   298  ;  see  also  *'  Notes  on  a  Map  of  the  Glaciern  of    Einchin)unga  *'    by  the  same  author  in 
Oeographioal  Journal,  Vol.  XX,  13  (1902), 
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special  interest,   and  are  regarded  as  embodying  the  main  principles  involved.     They 
are — 

(1)  that  the  Himalayan  drainage  system  had  been  established  before  the  ranges, 

across  which  the  rivers  now  cut,  had  become  axes  of  special  elevation, 
and  that  when  elevation  finally  took  place  its  rate  was  not  so  great  as  to 
interrupt  the  course  of  the  river,  which  was  therefore  able  to  keep  its 
channel  open  by  abrasion  across  the  rising  range ; 

(2)  that  the  old  rivers  have  been  dammed  by  the  rising  ranges  and  their  valleys 

thus  become  lakes,  the  waters  of  which  eventually  overflowed  and  carved 
out  gorges. 

The  first  of  these  theories,  which  we  owe  to  Mr.  H.  B.  Medlicott,*  has  been  applied 
with  striking  success  by  Mr.  R.  D.  Oldham  to  the  river-valleys  of  the  Himalaya  and 
neighbouring  areas.  In  the  comparatively  young  moimtains  of  Baluchistan,  which 
was  still  under  the  sea  after  the  Himalaya  had  become  dry  land,  he  has  followed  out  the 
earlier  stages  in  the  proce.is  of  the  formation  of  gorges  and  has  subsequently  extended 
these  principles  to  the  Himalaya  themselves.^  He  has  suggested  that  the  present 
gorges  of  the  Indus  and  the  Brahmaputra  lie  along  the  alignment  of  valleys  which 
were  defined  at  the  time  when  the  upheaval  of  the  Himalaya  first  began  and  when 
a  pair  of  longitudinal  valleys  was  established  along  the  northern  face  of  the  rising 
mass,  round  the  extremities  of  which  the  drainage  escaped  towards  the  south.  This 
assumption  is  borne  out  by  the  observations  of  Mr.  Medlicott,  who  has  shown  that  the 
great  Himalayan  rivers  are  *  *  antecedent ' '  and  that  their  debouchures  in  Siwalik 
times  were  where  they  are  at  the  present  day  {sufra,  p.  210),  whilst  the  nature  of  the 
Indus  valley  Tertiary  deposits  is  evidence  of  the  existence  of  a  structural  valley  along 
the  line  of  the  Indus  at  a  very  early  date  {sufra,  p.  260). 

The  second  theory  has  been  advanced  by  Colonel  Burrard  to  explain  the  origin  of 
the  gorge  of  the  Brahmaputra.  J  He  has  suggested  that  an  old  river- valley,  having 
become  blocked  by  the  rise  of  a  mountain  range,  has  been  filled  by  a  lake,  th^ 
overflow  from  which  has  subsequently  cut  a  channel  resulting  in  the  present  gorge. 
Such  a  diversion  of  drainage  has  been  shown  by  Mr.  R.  D.  Oldham  to  have  occurred 
in  one  instance  in  Baluchistan,§  but  in  this  case  there  is  no  tendency  for  the  new 
channel  to  become  a  gorge.  The  water,  where  it  issued  from  a  lake,  would  hold  no 
sediment  and  would  consequently  have  practically  no  abrasive  power,  hence,  except 
in  areas  of  extreme  aridity,  the  sides  of  the  outlet  valley  would  be  worn  away  by 
atmospheric  denudation  concurrently  with  the  excavation  of  the  new  channel,  and 
the  valley  would  have  gently  sloping,  rather  than  precipitous,   sides. 

There  are  several  other  difSculties  in  the  way  of  the  application  of  this  process  to 
the  Himalayan  gorges.     In  the  first  place,  we  should  expect  to  find  well-marked  lake 


*  Manual  of  the  Oeohov  of  India.  Ist  edition.  076  (1879^. 

t  Oeoffraphical  Journal,  Vol.  Ill,  169  (1894). 

I  Ann,  Rep.,  Board  of  Scientific  Advice  for  India,  1906-06,  p.  67  ;  also  supra,  part  III,  p.  86. 

§  RecoidM,  Oeolofjical  JSwvey  of  India,  Vol.  XXV,  28  (1892). 
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deposits  in  the  basins  above  the  gorges.  These,  however,  have  nowhere  been  recog- 
nised ;  the  previously  accepted  views  of  the  lacustrine  origin  of  the  Karewas  of  Kashmir 
have  been  recently  disputed,*  whilst  the  description  given  by  the  late  Sir  Richard 
Strachey  of  the  pleistocene  deposits  of  the  Upper  Sutlej  valleyf  points  to  an  origin  in 
part,  if  not  entirely,  fluviatile. 

On  the  other  hand,  basins  of  this  kind  filled  with  fluviatile  deposits,  and  in  some 
cases  even  holding  lakes,  are  commonly  found  above  gorges  in  almost  all  parts  of  the 
world,  but  it  can  usually  be  shown  that  they  are  due  to  the  obstruction  caused  by  hard 
bands  of  rock  running  across  the  valley.  Thus,  in  the  case  of  the  Sutlej,  the  strexim  after 
passing  through  the  sedimentary  beds  of  Hundes  encounters  the  hard  granite  of  the 
great  Himalayan  range ;  its  rate  of  erosion  is  retarded,  and,  while  slowly  wearing 
its  way  down  into  a  narrow  trough  in  the  hard  rock,  it  works  also  laterally  in  the 
softer  beds,  and  so  produces  a  broad  basin  above,  in  which  alluvial  deposits  accu* 
mulate,  and  a  gorge  or  ''  narrows  ''  below.  J  Thus  the  gorges  have  been  developed 
concurrently  with  the  open  basins  behind  the  ranges  rather  than  after,  and  as  a 
consequence  of  the  damming  of,  these. 

The  two  hypotheses  above  quoted  are  mutually  conflicting,  but  so  little  is  yet  known 
of  the  actual  conditions  of  the  Himalayan  rivers  that  it  is  desirable  to  keep  both  in  view. 
One  fact,  however,  is  clear,  namely,  that  until  systematic  observations  have  been  made 
of  most  of  the  great  Himalayan  rivers  on  the  lines  of  the  admirable  work  of  Mr.  R.  D. 
Oldham  in  the  Sind  valley  in  Kashmir§  and  of  Prof.  Garwood  in  Sikkim,||  we  can 
make  no  advance  in  India  in  this  most  fascinating  branch  of  historical  research, 
the  history  of  the  surface  features  of  the  earth. 


♦  Supra,  p.  269 ;  also  Ellaworth  Huntington :    The  PuUe  of  Asia,  22  (1907). 

t  Quarterly  Journal,  Geological  Society,  Vol.  VII,  306  (1851). 

X  For  details  as  to  these  processes  see  Sir  A.  Geikie :  The  Scenery  of  Scotland  (1901);  also  Chamberlain  and  Salis- 
bury :  Geology,  Processes  and  their  results  (1905). 

I  Records,  Geological  Survey  of  India,  XXXI,  142  (1904). 

II  Quarterly  Journal,  Geological  Society,  Vol.  LVIII,  703  (1902) :  Geographical  Journal,  XX,  13  (1902) ;  Appendix 
to  I).  W.  Freahfield  8  Round  Kangchenjuiiga  (1903). 
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ECONOMIC  GEOLOGY  OP  THE  HIMALAYA. 

The' Himalayan  region  is  strikingly  poor  in  minerals  of  economic  value,  there  being^ 

only  three  industries  which  can  be  said  to  be  established  on  a  commercial  basis ;  these 

are  the  salt  and  the  slate  quarries  in  Kangra  district  and  the  sapphire  mines  of  Kashmir. 

The  salt  quarries  are  situated  at  Guma  and  Drang  in  Mandi  State ;  they  are  at 

present  only  of  local  importance,  the  output  in  1906  being 
"*•  about  3,600  tons.* 

The  Kangra  slate  quarries,  which  are  at  Kanyara,  have  been  worked  with  consi- 
derable success  for  some  years  past.    The  rock  is  not  a. 
true  clay  slate,  bnt  is  sufficiently  fissile  for  the  production 
of  slabs  and  roofing-slates-f 

The  sapphire  minea,  which  are  situated  near  Padar  in  Kishtwar,  were  first  opened 

nearly  30  years  ago,  but  after  being  worked  for  a  few  years- 
Sapphire.  ^^^  closed  on  aocount  of  diminution  of  output.  J  Recently^ 

however,  the  industry  has  been  successfully  revived,   the    output   being   valued    at 
£1,327  in  1906  §  and  £3,144  in  1907.|| 

The  other  minerals  found  in  the  Himalayan  region  include :  borax,  coal,  gold, 
gypsum,  sulphur  and  ores  of  antimony,  arsenic,  copper,  iron  and  lead. 

Borax  is  found  in  Ladak,  where  it  is  obtained  as  an  efflorescence  from  the  surface 

of  the  alluviimi  of  the  Puga  valley.  The  superficial  coating 
is  scraped  up  and  boiled  with  water  in  coppers  ;  the  resulting 
brine  is  then  cooled  in  small  pits,  when  the  borax  crystallises  out.  The  production  at 
Puga  is  quite  insignificant,  almost  the  whole  supply  of  borax  brought  into  India  being 
imported  from  Central  and  Western  Tibet. 

The  chief  occurrences  of  coal  in  the  Himalaya  are  among  the  Gondwana  rocks  of  the 

Darjeeling  Terai  and  Assam  Duars  and  in  the  Tertiary  beds 
of  Jammu  in  Kashmir. 
As  already  pointed  out  ($u2>ray  p.  216),  the  Gondwana  coal  is  usually  too  crushed 
to  be  of  commercial  value  and  such  attempts  as  have  hitherto  been  made  to  work  it 
have  not  met  with  success. 

The  coal  of  Jammu  occurs  in  a  belt  of  Tertiary  rocks  to  the  north  of  the  town  of 
Jammu  and  comprises  a  number  of  fields  known  as  the  Ladda,  Sangar  Marg,  Mehowgala, 
Siro  valley,  Kalakot  and  Lodhra  coal-fields. 

'  ■"  — — ■  "  -  ■  ■!  — .^fc—— — — 1^     III  I      ■  I 

♦  T.  H.  KoU&ndz  Records,  Geological  Survey  of  India,  Vol.  XXXII,  85  (1906) ;  XXXVI,  80  (1907). 
t  T.  H.  Holland:  Recarda,  Cfkological  Survey  of  India,  Vol.  XXXIJ,  114  (1906). 
J  T.  D.  LaTouche :  Records,  Geological  Survey  of  India,  Vol.  XXIII,  69  (1890). 
{  T.  H.  Holland :  Records,  Geological  Survey  of  India,  Vol.  XXXVI,  79  (1907). 
[|  T.  H.  Holland :  Records,  Geological  Survey  of  India,  Vol.  XXXVII,  82  (1908). 
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The  seams  are  highly  inclined  and  their  thickness  is  very  variable.  The  coal  is 
much  crushed  and  usually  contains  a  high  percentage  of  ash.*  Experiments  recently 
made,  with  a  view  to  testing  the  suitability  oi  th^  coal  for  the  manufacture  of  briquettes, 
did  not  give  favourable  results  and  the  prospects  of  the  development  of  these  fields  as 
a  profitable  undertaking  are  not  promising.f 

Another  small  coal-field  occurs  further  to  the  north-west  in  the  Kotli  tahsil  at 
Dandli,  but  the  prospects  here  are  even  less  promising.  J  Coal  also  occurs  in  the 
Nummulitic  series  in  Hazara,  but  its  quality  is  poor   and   the  thickness  of  the  seams 

very  variable. § 

Reference  has  already  been  made  to  the  small  patches  of  lignite  occurring  in  the 
sandstones  of  the  Siwalik  series  in  the  Sub-Himalayan  zone  {supra,  p.  210).  These 
have  often  given  rise  to  expectations,  always  foredoomed  to  disappointment,  of  the 
discovery  of  workable  coal-seams. 

Gold  is  found  in  small  quantities  in  the  gravels  of  almost  all  the  chief  rivers  of 

the  Himalaya!!   and  its   recovery   provides   occupation    for 
the    local    inhabitants    during    the    winter,    when    agri- 
cultural work  is  at  a  standstill. 

In  the  Indus  and  its  tributaries,  and  in  the  Sutlej,  washing  by  means  of  primitive 
cradles  is  carried  on  to  a  considerable  extent,  but  the  results  are  at  present  too  insignifi- 
cant to  raise  this  intermittent  occupation  to  the  status  of  a  regular  industry. 

In  the  Eastern  Himalaya,  the  gravels  of  the  Brahmaputra  and  neighbouring  rivers 
have  long  been  known  to  be  auriferous,^|  but  so  far  no  serious  attempt  has  been 
made  to  exploit  them  on  modern  principles. 

In  Tibet,  the  gold  fields  of  Rudok  and  Thok  Jalung  have  been  worked  from  very 
early  antiquity  and  Herodotus'  reference  to  the  gold-digging  ants,  with  the  many 
ingenious  commentaries  to  which  it  gave  rise,  is  no  doubt  familiar  to  everyone.**  The 
output  of  the  Tibetan  fields,  however,  is  quite  unknown,  a  circumstance  to  which  the 
many  stories  of  their  fabulous  wealth  are  no  doubt  to  be  attributed. 

Gold  is  also  found  in  Afghanistan,  but  what  was  formerly  the  most  productive 
mine  in  the  country,  that  of  Kandahar,  has  long  been  closed  owing  to  the  miners  having 
lost  the  vein.t'l" 

Gypsum  occurs  in  thick  beds,  as  the  product  of  the  alteration  of  limestone,  in  lower 

Spiti,  at  a  short  distance  above  the  junction  of  ,  the  Spiti 
and  Sutlej  rivers.     Although  the  quantity  available  is  very 
large  and  the  quality  high,  the  locality  is  too  far  from  markets  and  too  inaccessible  to 
offer  any  prospects  of  remunerative  exploitation  of  the  deposits.  J  J 

♦  R.  R.  Simpson :  Memoirs,  Geological  Survey  of  India,  Vol.  XXXII,  pt.  4  (1904). 

t  T.  H.  Holland:  Records,  Geological  Survey  of  India,  Vol.  XXXII,  137  (1905). 

X  C.  >L  P.  Wright :  Records,  Geological  Survey  of  India,  VoL  XXXIV,  37  (1906). 

§  C.  S.  Middlemisst  Memoirs,  Geological  Survey  of  India,  Vol.  XXVI  (1896). 

I)  V.  Ball :  Manual  of  the  Geology  of  India,  pt.  3  (1881). 

II  J.  M.  Maclaren:  Records,  Geological  Survey  of  India,  Vol.  XXXI,  206  (1904). 

*♦  For  literature  on  the  subject  see  Manual  of  the  Geology  of  India,  pt.  3,  Art.  GoH  (18?1)- 

tt  C.  L.  Griesbach ;  Memoirs,  Geological  Survey  of  India,  Vol.  XVIII,  pt.  1,  56  (1881). 

XX  H.  H.  Hayden  :  Memoirs,  Geological  Survey  of  India,  Vol.  XXXVI,  pt.  1,  101  vl9<>4)-  ■    .     • 
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Sulphur  is  found  at  Puga  in  Ladak,  where  it  is  deposited  from  hot  springs.     The 

quantity  is  small  and  the  occurrence  of  little  or  no  economic 

Sulphur.  .  ,  ^ 

importance.'^ 
Sulphide  of  antimony  (stibnite)  occurs  in  some  quantity  near  the  Shigri  glacier  in 
the  valley  of  the  Chandra  river  in  Lahaul.     The  locality  has  long  been  known,f  but  no 

serious  attempt  had  been  made  to  work  it  until  quite  recently, 
when  prospecting  operations  were  undertaken  and  a  mining 
lease  obtained  with  ajview  to  its  exploitation.  No  information  is  as  yet  available  as 
to  the  result  of  the  operations. 

Orpiment,  the  yellow  sulphide  of  arsenic,  is  found  in  Chitral,  Himza  and  Kumaun. 

In  Chitral  it  has  been  mined  for  a  long  period,  but  the  produc- 
tion has  fallen  off  in  recent  years,  having  dropped  from  a 
little  xmder  thirtv  tons  in  1904-05  to  less  than  ten  in  1905-1906. 

Specimens  have  also  been  obtained  from  the  Rishipjerab  valley  in  Hunza  and  the 
Shankalpa  glacier  in    Kumaun,J  but  the   amount  available    in    either   locality   is 

unknown. 

Copper-ore,  chiefly  in  the  form  of   the  sulphide,  chalcopyrite,  is  common  in  the 

schistose  beds  of  the  Daliug  series    in    Darjeeling   district 
{supra,  p.  228)  and  in  Sikkim  and   in  the   similar  rocks  of 
the  Himalayan  zone  in  the  Lesser  Himalaya  of  Kumaun. 

As  a  rule  the  lodes  are  patchy  and  irregular  and  no  successful  attempt  has  yet  been 
made  to  exploit  them  on  a  large  scale.  Recently,  however,  the  copper-ores  of  Sikkim 
have  been  attracting  considerable  attentiou,  but  no  information  is  at  present  available 
as  to  the  results  of  prospecting  operations. 

Iron-ore  is  known  to  occur  in   some   quantity  in   the  lower  hills   in   Kumaun,§ 

where  uumerous  attempts   have  been  made  to  establish   a 

Iron 

smelting  industry  on  a  commercial  basis.  All  attempts  failed 
however,  presumably  owing  to  the  cost  of  transport  of  ore  and  fuel  and  there 
does  not  seem  to  be  much  prospect  of  a  successful  revival  of  the  industry. 

Iron-ore  also  occurs  in  Jammu  State,  where  it  imderlies  the  coal  measures,  but 
has  not  been  worked  except  locally  and  on  a  small  scale. 

Numerous  other  occurrences  of  iron-ore  in  the  Himalayan  region  have  been  recorded, 
but  none  of  these  is  at  present  of  economic  importance  and  they  need  not  be  enumera- 
ted here.  Further  information,  however,  will  be  found  in  the  Manual  of  the  Geology 
of  India,  part  3   (1881). 

Galena,  the  sulphide  of  lead,  is  found  at  numerous  places  among  the  older  rocks  of 

the   Lesser  Himalaya,  1 1  but  it  is  not  known   to   occur   in 

Lead.  .  .        " 

sufficient  quantity  to  warrant  serious  exploitation. 


*  F.  R.  Mallet :  Memoirs,  Oeological  Survey  of  India,  Vol.  V,  164  (1866). 
t  F.  R.  jAlallet:  Memoirs,  Geological  Survey  of  India,  Vol.  V,  165  (1886). 
t  Hecords,  Oeological  Survey  of  India,  Vol.  XXXV,  28  (1907\ 
§  T.  H.  Hughes:  Records,  Geological  Survey  of  India,  Vol.  VII,  15  (18'i'i). 
II  V.  Ball :  Manml  of  the  Geology  of  India,  pt.  3,  Art.  Ltad  (1881). 
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^  few  addenda  and  notes  of  warning  which  should  he 
read  in  conjunction  with  Parts  I 3  11%  111  and  IV. 

Peak  No.  60,  Indus-Nagar  Watershed  No.  2. 

,The  name  **  Indus — Nagar  Watershed  peak  No.  2 ''  has  been  allotted  in  Great  Trigonometrical 

Survey  Sjmoptical,  Volume  VII,  to  two  peaks  :  on  page  95-C  there  is 
Part  I,  page  4.  table  V.  ^  ^^^  ^^  ^^^  ^^^^  .^  latitude  36^  0'  13"-5  and  longitude  7*^  55'   r  5 

of  height  24,470.  On  page  135-C  there  is  a  peak  of  the  same  name  in  latitude  35^  51'  40'^*2  and 
longitude  75°  V  2^-7  and  of  height  21,390  feet.  The  origin  of  this  duplication  of  names  has  been 
explained  on  the  ground  that  the  numbering  of  peaks  was  started  afresh  in  each  square  degree, 
but  whatever  the  explanation,  a  system  under  which  the  same  name  has  come  to  be  applied  to  two 
different  peaks  can  in  no  way  be  defended.  The  Indus-Nagar  Watershed  peaks  of  pages  92-C  and 
95-C  of  Synoptical  Volume  VII  will  retain  the  names  hitherto  applied  to  them,  whilst  the  Indus- 
Nagar  Watershed  peaks  of  pages  135-C  and  136-C  will  be  called  in  future  Indus-Nagar  Watershed 
peaks  No.  7,  No.  8,  No.  9,  and  No.  10.  Similarly  in  other  cases,  in  which  duplication  of  names 
have  occurred,  alterations  will  now  be  introduced. 

On  page  322  of  the  Ice  bound  Heights  of  the  Mustagh,  Mrs.  Bullock  Workman  and  Dr.  Hunter 
Workman  give  their  reasons  for  thinking  that  the  Survey  have  miscalculated  the  position  of  the 
Indus-Nagar  Watershed  peak  No.  2,  height  24,470  feet.  The  two  explorers  ascended  to  a  great  height 
(23,394  feet),  and  thought  at  the  time  that  they  were  climbing  a  flank  of  the  Survey  peak  (height 
24,470  feet).  But  when  they  came  to  construct  their  map,  they  found  that  the  peak  which  they  had 
ascended  was  4  miles  north  by  east  of  the  Survey  peak.  They  were  convinced  that  their  peak,  which 
they  have  named  Pyramid  Peak,  is  higher  than  the  Survey  peak  and  they  were 

'<  thus  ])laced  in  the  dilemma  of  considoring  either  that  the  Surrey  had  miscalculated  the  position  of  Peak  2, 
thus  giviug  it  a  position  foui  miles  too  far  south,  or  that  Pyramid  Peak  is  another  and  higher  peak  not  seen  and 
triangulated  by  the  Survey." 

The  maps  of  this  high  region  are  so  inaccurate  that  they  may  be  disregarded :  it  is  useless  to 
appeal  to  them.  But  the  positions  of  peaks  were  fixed  trigonometrically  by  the  Survey,  and  are 
probably  correct.  The  position  of  the  Survey  peak  (24,470  feet)  was  determined  from  two  indepen- 
dent triangles,  and  the  discrepancy  between  the  two  values  of  position  was  only  7  feet.  The 
height  of  this  peak  was  determined  from  two  different  places  and  the  two  values  obtained  were 
24,482  and  24,461  feet. 

The  evidence,  therefore,  is  strong  that  the  position  of  the  Survey  peak  (24,470  feet)  has  been  de- 
termined with  fair  accuracy  and  cannot  be  in  error  by  4  miles. 

It  is  quite  possible  that  a  higher  peak  standing  4  miles  behind  it  escaped  observation.  The  un- 
even crest-line  of  the  intervening  ridge  may  have  obscured  the  higher  peak  from  one  or  two  of  the 
stations  of  observation  and  have  left  the  lower  peak  visible.  The  original  angle-books  show  that  iu 
1862-63  Mr.  Beverley  observed  an  imnamed  peak  from  his  station  of  Chokh  and  found  it  to  be  2  de- 
grees east  of  the  Indus-Nagar  Watershed  peak  No.  2  This  companion  peak  was,  however,  not  seen 
from  any  other  station  and  Mr.  Beverley's  observation  from  one  station  only  could  not  bo  utilised . 
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Pe€^  No.  66y  Kuen  Lun  No.  1. 

The  height  of  this  peak  is  uncertain.    The  position  and  height  of  the  peak  were  derived  trom 

the  observations  ot  Surveyor  Ram  Singh,  Rai  Sahib,  when  he  was 
working  under  Dr.  Stein  in  1900 ;  the  aDgle-book  was  in  the  hand- 
writing of  Dr.  Stein  himself.  Ram  Singh  is  an  accurate  observer,  and  his  other  observations  taken 
at  the  same  time  as  those  of  peak  No.  66  have  proved  reliable.  We  had,  however,  some  initial  doubt 
whether  to  accept  the  peak  No.  66  or  not,  because  its  position  had  been  fixed  from  one  triangle  only 
and  that  a  very  acute  one.  But  its  height  had  been  observed  independently  from  two  different 
stations,  4  miles  apart,  and  whilst  a  value  of  24,385  feet  was  obt^in^  from  one  set  of  observations,  a 
value  of  24,227  feet  was  obtained  from  the  other  set.  The  agreement  between  these  two  values 
seemed  to  indicate  that  a  very  high  peak  was  standing  in  this  region,  and  peak  No.  66  was  admitted 
into  our  list  on  table  V.  The  absence  from  Dr.  Stein's  letters  and  papers  of  all  allusion  to  this 
apparently  supreme  peak  of  the  Kuen  Lun  made  us  somewhat  uneasy,  and  when  Dr.  Stein  visited 
Dehra  Dun  in  December  1908  upon  his  return  from  Chinese  Turkistan,  he  was  consulted.  He 
expressed  his  conviction  that  no  peak  of  24,000  feet  exists  in  the  locality,  in  which  peak  No.  66  has 
been  supposed  to  be  standing.  Dr.  Stein  has  explored  this  locality,  and  could  not  have  failed,  he 
thinks,  to  have  been  struck  by  the  appearance  of  so  prominent  a  peak.  He  is  of  opinion  that  the- 
observations  upon  which  the  existence  of  the  peak  has  been  based  must  be  in  error. 


•  ^.1 


Tirich  Mir. 

This  description  of  Tirich  Mir  is  only  true  if  the  mountain  is  viewed  from  the  side  of  Gilgit  or 

Mastuj.    From  Chitral  the  higher  flanks  of   Tirich  Mir  appear  ta 
*  *  be  precipitous.    During   the   summer   it    is   seldom    visible,    being, 

either  enveloped  in  cloud  or  surmounted  by  a  white  "  flag,  "  which  looks  like  cloud  but  is  possibly 
fine  snow  being  blown  off  the  summit. 

Heights  of  peaks. 

It  has  been  suggested  in  a  review  in  Nature,  December  3rd,  1908,  page  133,  that  the  altitudes. 

of  peaks  should  be  reduced  to  round  numbers,  that  the   height   of 
•  page     ,       .  Mount  Everest,   for  instance,   should  be  given  as  29,000  instead  of 

29,002,  and  that  of  Kinchinjunga  as  28,150  instead  of  28,146.  We  think,  however,  that  it  is  best  ta 
adhere  to  the  present  system,  because  a  precise  value  of  altitude  is  a  ready  means  to  the  identi- 
fication of  a  peak. 

Gasherbrum. 

In  table   XVIII,  group  XIV,   column  6,    the  bracket  should  embrace  the  four  Gasherbrum 
Part  I,  page  40.  peaks  only  and  not  the  peak  of  K2. 

Kabru. 
The  name  Kabru  belongs  rather  to  the  high-level  ridge  itself  than  to  the  peak  at  either 

Part  I,  chart  VI.  end  of  it.  * 

The  height,  21,970  feet,  given  to  the  peak  at  the  western  end  of  the  Kabru  ridge  in  the  third 
panorama  of  chart  VI  is  incorrect.  The  two  Kabru  peaks  are  very  nearly  of  the  same  height,  and 
are  both  about  24,000  feet :  for  Tanner's  description  of  Kabru  see  page  8  of  Part  I.  21,970  feet  is  the 
height  of  Little  Kabru,  see  Garwood's  map  attached  to  Douglas  Freshfield's  Round  Kangckenjunga. 

Singalila. 

Part  1 ,  pages  9, 20, 43  ;  Referred  to  as  "  Singli ' '  by  Rai  Bahadur  Sarat    Chandra    Das,. 

Part  11.  pages  62,  77,  78,  89 ;      CLE. :  Jourmy  to  Lhasa  and  Central  Tilet,  pace  6. 

Part  III,  page  152.  ^  '^ 
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Kafo  La. 

See  Rai  Bahadur  Sarat  Chandra  Das,  C.T.E. :  Journey  to  Lhasa  and  Central  Tibet,  page 
Part  II,  page  95.  173. 


Yamdrok  Tso. 


Part  II  page  05  •  W\i\i  regard  to   the   name   Paiti   (Yamdrok)   see   the    note   by 

Part  lli»  pages  156,  z57»  189,    W.  W.  Rockhill    in  Journey  to  Lhasa  and   Central    Tibet   by    Rai 
aoo,  203, 203.  204.  Bahadur  Sarat  Chandra  Das,  CLE.,  page  188. 


Sangpo. 

Part  II  Daces  zzi  112  •  '''^^    "vroTdi   Sangpo   should  have  been  written  Tsangpo.     In  the 

Part  III,  pages  125, 127,  zaS,    Imperial  Gazetteer  of  India,  Volume  I,  pages  19,  27,  Volume  IV,  page 
157-1^0,  z88.  499^  it  w  written  ''  Tsan-po." 


Kuen  Lwn  range. 

The  warning  given  on  page  103  of  Part  II  is  repeated  here.    In  the  frontispiece  of  Part  I  the 
p  .  otnote         *™®  ^^  ^^^  Central  Kuen  Lun  has  been  drawn  too  far  north.    In 

longitude  84^  the  axis  should  have    been  placed  in  latitude  36^. 
Chart  XXXV  repeats  this  mistake.    Chart  XXIII  is  correct. 


Part  II,  Chart  XVII. 


Huang-Ho, 
On  this  chart  Huang  should  be  Hoang. 

The  Hindu  Rush. 


It  has  been  pointed  out  in  a  review  in  Nature,  December  3rd,  1908,  page  133,  that  our  descrip- 
tion of  the  Hindu  Kush  ranges  on  page  123  of  Part  III  does  not 
»l»ge  3.  pa  .  .  tally  with  figure  2  of  chart  XXI.  The  description  on  page  123 
will  be  found  to  be  in  accord  with  the  frontispiece  to  Part  I.  As  was  explained  on  page  101 
of  Part  II,  the  figure  2  of  chart  XXI  was  purposely  made  to  difier  from  the  frontispiece  in  order 
to  illustrate  our  uncertainties.  In  the  two  charts  we  have  offered  two  different  solutions  of  the 
problem.  Whilst  we  agree  with  the  reviewer  in  Nature  as  to  the  difficulties  attending  orographical 
analjrsis,  we  are  of  opinion  that  the  uncertainties  surrounding  the  Hindu  Kush  may  prove  to  be  due 
to  the  want  of  systematic  surveys  and  may  disappear  when  more  accurate  maps  become  available. 

,    r  i  The  Brahmaputra. 

"      The  water-parting  between  the  Brahmaputra  and  the  Tibet  Lake  basin  cannot  be  drawn  with 

certainty.    The  position  assigned  to  this  water-parting  on  charts 
»  page   55-  XXIII,  XXX   and  XXXV  is   conjectural  and  is  not  based  upon 

surveys.    Until  surveys  of  this  region  have  been  carried  out,  it  will  not  be  possible  to  indicate,  except 
in  a  very  rouffh  way,  the  northern  boundary  of  the  basin  of  the  Brahmaputra. 

The  wanung   given  in  the  last  paragraph  of  page  125  of  Part  III  is  thus  very  important. 
The  second  paragraph  of  page  95,  Part  II,  contains  the  same  warning. 

K 
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The  Kunar  river. 

The  angle,  at  which  the  Sor  Laspur  tributary  joins  the  Kunar  river  at  Mastuj,  is  deserving  of 
-.  ^  ---  attention.      This    tributary  is   shown  on  chart  XXXIV   of  Part 

Part  III,  page  155.  ^ 

Shigatze. 

Spelling  adopted  from  the  map  published  with  the  Imperial  Gazetteer.   In  the  body  of  that  work 

(Volume  IV,  page  119)  it  is  written  Shigatse,  a  modihcation^of  Shi-ga- 
Part  m,  pages  155, 156,  158.       ^^^  ^^^  j^^  employed  by  Major  W.  F.  O'Connor. 

The  brothers  Strachey. 

Henry  Strachey   was  alone  in   1846  ;  Bichard  Strachey  did  not  visit  Manasarowar  till  1848. 
p  rt  III  6  '  V  (Geographical    Journal,  Volume  XV,  1900,  and  Jaurndlj  Royal  Geo- 

graphical Society,  Volume  XXI,  1851.) 


Part  III,  page  196. 


KurkvUi  Glacier. 

The  Kurkulti  Glacier  flo^s  into  the  Yasin  river,  and  not  into  the 
Hunza  as  stated  on  page  196. 


Panjal  Volcanics. 

Since  this  table  was  drawn  up,  the  work  of  Mr.  C.  S.  Middlemiss  in  Kashmir  has  tended  to 
Part  IV,  page  232,  table  XLI ;    show  that  the  Panjal  Volcanics  are  younger  than  the  Lipak  series. 


p*g«  245. 
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The  values  of  latitude  and  longitude  given  in  this  index  to  the  more  important^  geographical  names  occurring 
in  Parte  I,  II,  111  and  IV,  are  intended  only  as  rough  aids  to  the  localisation  of  places  on  maps  :  as  many  of  these 
values  have  been  derived  from  small  scale  maps,  the  index  should  not  be  utilised  in  scientific  discussions  or  con- 
troversies. In  certain  cases,  more  especially  in  those  of  Tibetan  lakes  and  of  passes  and  glaciers,  the  values  of 
latitude  and  longitude  rest  on  doubtful  evidence,  and  have  been  entered  only  to  enable  future  explorers  to  correct 
our  figures.  In  oases  when  two  or  more  peaks  bear  the  same  name,  mean  values  of  latitude  and  loQgitude 
have  been  given  in  this  index. 


' 

LATITUDE. 

lONGITUDK. 
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1 
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102       . . 
199       . . 

Aka  Hills 

27 

0 

92 

45 

216       . . 

Akhnur 

32 

54 

74 

44 

168, 180 

Aksai  Chin 

36 

30 

80 

30 

67 

Aksu 

38 

15 

74 

0 

70 

Alai 
Alaknanda 

39 
30 

30 
30 

72 
79 

0 
0 

• 

72, 107  108, 117, 133 
59,  88,  89,  92,  133, 
137  to  139,  178,  180, 
181,  183  to  185,  188, 
190, 196. 

Frontispiece 

X,  n,  xm,  xnr,  xvi, 

XXIV,   XXXVI. 

Alatau 

45 

0 

80 

0 

107      . . 

•    a 

Alichiir  Pamir    . . 

37 

45 

73 

30 

70 

•    • 

Aling  Eangri 

32 

46 

81 

2 

,  99,    111,    112,    113, 
114, 124, 174, 187. 

XX,   XXXIV,    XXXV 

Almaligh 
Almora 

29  ' 

'  35 

79 

•     • 

39 

133       . . 
11,88,221 

•  • 

•  • 

Altai 

46 

0 

97 

0 

107       .. 

•   • 

Altyn  Tagh 

Ambersilwaia,  see  Imsalwara. 

37 

10 

84 

0 

'  103, 104 

Frontispiece 

Ammu 

27 

30 

89 

0 

155       . . 

•  • 

Amneh-machin  .. 

34 

30 

99 

0 

130      . . 

•  • 

Amu  Daiya,  see  Ozus. 
Amuninoku 

• 

• 

•     • 

104       . . 

•    a 

Anambarula 

• 

• 

•     • 

104       . , 

•    a 

Angirtakshia 
Api  .. 

36 
30 

0 
0 

81 
80 

30 
66 

109       .. 

6,  12, 13, 18,  33, 142 

•    a 

vn,     xin,     xxTV, 
XXV,  xxvr,  XXXI. 

Api-Nampa 
Arakan 

30 
21 

0 
0 

81 
93 

0 
0 

13,  77, 141 
76,  81, 106 

a    . 
.    a 

Aral 

45 

0 

60 

0 

68,   105,    108,    119, 
198,  201. 

a   a 

Arkari 

86 

0 

71 

50 

123, 186 

XX,  XXI,  XXXTV 

Arka  Tagh 
Amas 

36 
33 

30 
12 

88 
74 

0 
56 

,103       .. 
'  168       .. 

•  • 

•  • 

Artush 

• 

• 

•  • 

1  107       .. 

•   • 

k2 
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Arun  Kosi 


Am  Tso 

Asnar 

Assam 

Assam  Himalaya 


Astor 
Attock 
Ayi  .. 

Babai 

Badraj 

Badiinath 


Baghmati 

Baghiash  Eul 

Bagini 

Baian  Kara  Ula 

Baikal 

Balasan  B. 

Balchka 

Balkash. 

Baltistan 

Baltoro 

Bamian 

Bandaipunch 

Bandipur 
Bangabal 
Bangalore 
Banog 
!  Baralacha 

Baramula 

Barigar 

Barkak 

Barmal 

Baroghil 

Barphang  Gonpa 

Barpu 

Basaoli 

Basmagul 

Baspa 

Batbang 

Batura 

Baxa 

Beas 


o 

m 

27 

0 

34 

0 

•  < 

27 

30 

28 

10 

35 

21 

33 

53 

31 

43 

28 

45 

30 

29 

30 

44 

27 

10 

42 

0 

30 

33 

34 

40 

53 

0 

26 

45 

30 

48 

46 

0 

36 

0 

35 

45 

34 

50 

31 

0 

34 

25 

32 

20 

13 

1 

30 

29 

32 

45 

34 

13 

I 


34 
34 
36 

36 
32 
34 
31 
30 
36 
26 
31 


22 

0 

53 

10 
30 
10 
20 
0 
35 
50 
45 


LOHGITUDB. 


PAGES. 


o 

87 


95 
92 


74 
72 
80 

82 
77 
79 


85 
87 
79 
96 
107 
88 
80 
75 
75 
76 
67 
78 

74 

77 
77 
78 

77 


10 


82        30 


0 
0 


52 

16 

0 

15 
57 
17 


30 

0 

66 

0 

0 

21 

12 

0 

0 

30 

50 

33 

40 
0 

36 
1 

26 


74        19 


66, 83, 149,  160, 161, 

163,  166,  178,  179, 

181,  183,  184,  186, 

189, 190. 

205      . . 

133       ., 

218,  228,  265 

4,  5,  6,  76,  77,  92, 

119,124,125,163,166, 

160, 178, 199,  220. 

173,  220 

171, 172, 174, 177  , . 

94 

89 

6,  18,  33,  77,  78,  79, 

139,  141. 

132, 144, 148, 181, 189 

198       .. 

195       .. 

104,  110, 129 

198       .. 

216       .. 

92 

119,  198,  201 

92,  97,  241,  242 

176,  194,  196 

248       .. 

6, 18,  39,  139 

225       .. 

88,  166,  196,  222 

51 

9,89     .. 

84,  166, 167, 168 


168,  169,  180,  224, 

225. 

147 
66  6       102 

75        50       195 

73  21       102,  176, 247 
145 

74  50       196 

75  49  166 
74  10  169 
78  30  84,88  .. 
99  30 
74  40  196 
89  36  228 
77  0       84,  88, 90,  132,   161, 

165,   178,   180,   181, 
188,  211,  245. 


xm,    rv,    xrvm, 
[,  xzxvn. 


XV 


XXVI 

VII,  vin,  X,  XI,  xm, 
XVI,  xxrv,  XXV, 
XXXI,  xxxrv,  XXXV. 
xxm,  xxvn,  xxvm 


xxm 


*vin,    XVI,  xxrv, 
XXXI,  xxxrv,  XXXV. 

xvin 


XIII,  XXXI, 

xxxin,  XXXIV. 
xxxin 


xxxrv 


f  ; 


XVI,  xvra,   XXXI 

XXII 


Frontispiece, 
xvni,  xxm, 
xxxn. 


xrv, 
> 


•  The  picture  of  Bandarpunch  peak  will  be  fcund  facing  i  age  89  of  Part  I. 
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T.ONOITCDJC. 

PAOXS. 

CHARTS. 

Bedasni 

o 

30 

1 

o 

74 

28 

215       .. 

•   a 

Behftt                 •  •                •  • 

•   • 

•  . 

168       .. 

.   • 

Behling 

30 

23 

78 

30 

139       .. 

a  a 

Beyah 

•  . 

.  . 

165       ., 

•  • 

Bhadal 

32 

22 

77 

0 

166       . . 

•  a 

Bhaea 

32 

40 

77 

10 

166,  167,  196 

ZXXIU 

Bhagirathi 

30 

30 

78 

20 

59,  78,  89,  133,  137, 
138,139,  178,    181, 
185, 188, 190, 195. 

X,   XI,  xin,    XVI, 

XXIV,                XXXVI, 

xxxvn. 

Bhamo 

24 

15 

97 

13 

126, 127 

. . 

Bharti  Khunta  . . 

30 

48 

79 

4 

19 

.    a 

Bhim  Tal 

29 

21 

79 

33 

203       . . 

a   a 

Bhoroli 

27 

15 

93 

0 

•     •                                                               •     • 

XXX 

Bhotia  Eosi 

28 

0 

86 

0 

83, 84, 149, 151, 180, 
:  181, 185, 189. 

xin,  xxvin,  xxxvn 

Bhutan 

27 

0 

89 

30 

216,  220,  221,   228, 
241. 

•   a 

Biafo 

36 

0 

75 

40 

96,176,194,196    .". 

XXXTV 

Bilaspur 

31 

18 

76 

47 

165, 180 

XIX,   XXXI 

Biiehi 

29 

0 

83 

0 

144,   145,   147,  166, 
178, 182. 

Frontispiece,  xin, 
XVI,    XXVI,    xxxvi. 

xxxvna 

Biiond 

29 

16 

79 

43 

52 

.   a 

Blaini  B. 

30 

56 

77 

8 

223       .. 

a   . 

Blue  River,  see  Yangtze. 

1  Boffa 

31 

38 

80 

4 

94 

.   a 

Bo]  . . 

30 

54 

77 

11 

224       . . 

•  a 

Bolan 

29 

30 

67 

30 

o4           .  •                      . . 

•  a 

Bolor 

.  • 

■  • 

105      .. 

a   • 

Bonvalot'  b  peaks 

33 

30 

86 

40 

110      .. 

a  a 

Booiendo 

31 

23 

78 

10 

84, 164 

a  . 

Boyobashurdonas 

36 

24 

74 

42 

18 

.   a 

Brahmaputra     . . 

29 

20 

90 

0 

5,  7,  61,  66,  77,  81, 
82,  92,  93,  119.  120, 

Frontispiece,  ix, 
XIV,  XV,  xvu,  xxni, 

4 

1 

1 

1 

126  to  128, 131,  163, 
165  to  160, 171, 174, 
178,   179,   182,188, 
189,   190,  216,  220, 
256,  263,  266. 

XXVI,  XX vu,  xxvm, 

XXIX,  XXX,  XXXI, 
XXXV,                XXXVI, 

xxxvn. 

„           ,    waterparting 

.  < 

•  • 

95, 125,  271 

•  a 

north  of. 

Braldo 

35 

39 

76 

0 

196       . . 

a  a 

Brama 

33 

30 

76 

3 

i  196       ,. 

1 

a   . 

Budi 

29 

0 

80 

0 

142       .. 

.   . 

Bum  Tso 

31 

17 

90 

67 

200      .. 

.    . 

Bunji 

35 

39 

74 

38 

94,  96, 123, 160.  170, 
171, 172,177. 

XXXIV 

Bunnuk  (or  Banak) 

35 

18 

76 

11 

94 

•  a 

Buran  ghati 

31 

23 

78 

10 

84 

.   . 

Burgi 

36 

12 

76 

32 

94 

a   a 

Buria  Oandak    . . 

28 

0 

84 

66 

88,  146,     147,    148, 
186, 189. 

XUJ,  XXVII,  XXXVI, 

xxxvn. 

Burkhan  Buddha 

36 

0 

97 

0 

104       .. 

•  a 

Burzil 

34 

66 

75 

8 

84 

•  a 

Bus  . .                •  • 

30 

57 

78 

48 

19 

•  a 

Byans                •  •                •  • 

30 

17 

80 

50 

241       .. 

i 
1 

a  a 
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LONOITUUE. 

PAOBS. 

CHARTS. 

Caroline 

O 

35 

/ 

20 

o 

97 

30 

114             . 

1 
j 

•    * 

Caucasus 

43 

0 

43 

0 

117       .. 

Chadir  Kul 

40 

35 

75 

25 

198       . . 

,  , 

Chahardar 

36 

13 

68 

45 

102       .. 

1 

Chakmaktin 

37 

14 

74 

20 

70,  199 

1 

Chakrata 

30 

46 

77 

56 

222       . . 

Chamba 

32 

33 

76 

8 

88,    166,    170,   220, 
223,   224,  225,  242, 
243. 

xvm,  xxifii 

Chambal 

25 

40 

76 

0 

139       . . 

Frontispiece,  ix 

Chamlang 

27 

47 

86 

59 

4.  18,  37 

VI 

Chandra 

32 

30 

77 

30 

166, 167,  196,  267  . . 

XXX  111 

Chandra  Bhaga  . . 

32 

35 

77 

0 

166, 196 

XXXTTT 

Chang 

34 

3 

77 

55 

94 

•  • 

1 

33 

2 

79 

20 

1 

Changchenmo     ..                 .. 

34 

15 

78 

30 

242,  243 

Changlung 

34 

56 

77 

30 

176       . . 

•  • 

Chaprot 

36 

16 

74 

19 

11,43  .. 

f 

Charemaru 

>    a 

• 

• 

110       .. 

1 

Charka 

29 

15 

83 

17 

145       . . 

Charta  Sangpo  . . 

29 

20 

85 

10 

125,  188,  271 

Cheena 

29 

30 

79 

30 

11 

Chenah 

1 

33 

15 

76 

0 

84    124,   132,   160, 
161,   166,   167,   168, 
170,   178,   180,   181, 
188. 

Frontispiece,      ix, 

XIV,    XVI,         XVUl, 

xxm,  XXXI,  xxxn,  \ 
xxxm,         XXXIV, 

XXXVl. 

Cherchen 

38 

10 

85 

30 

«  •                                 •  • 

XXII 

Chetang 

29 

14 

91 

43 

158       . . 

Chgumbi  Dun    . . 

29 

45 

78 

40 

85 

•  •                                                             i 

Chiamdo  Chu     . . 

30 

40 

98 

0 

128       . . 

Chikkim 

32 

21 

78 

3 

237       . . 

Chilas 

35 

26 

74 

11 

241,  242 

1 

Chingchingmauri 

30 

30 

81 

0 

141       . . 

1 

Chiragh  Tar       . . 

37 

50 

76 

0 

121,133 

, , 

Chirbitya 

31 

5 

79 

25 

92 

1 

Chiring 

35 

53 

76 

31 

21 

Chitral         ... 

35 

49 

71 

46 

43,  81,  96,  98,    101, 
102,   133,  177,  224, 
225,  226,  247,  267. 

XXT,   XXXIV 

1 

Chogolisa 

35 

37 

76 

34 

17,  22  . . 

1 

Chogo  Lungma  . . 

35 

55 

75 

10 

96,  176,  194,  196    . . 

'  *                                          1 

Chogo  Ri 

•     « 

• 

9 

21,22  .. 

1 

Chola 

27 

28 

88 

47 

13,14,18,62,77    .. 

1 

Cholamo 

28 

1 

88 

46 

154       . . 

•  •                                          ( 

Chomto  Dong    . . 

28 

26 

88 

11 

150,  199 

Cho-ur-dzong 

29 

28 

86 

23 

114       ,. 

Chumalhari 

27 

50 

89 

16 

6,  13,  14,  18,  33,  44, 
84,  92,  93,  125. 

xin,  xxviu,  XXIX, 
XXX,  XXXV.              i 

Churabi 

27 

30 

89 

0 

84,  155,  220 

XXTX 

Chumunko 

27 

28 

88 

47 

6,  13,  18 

•    • 

Chumurti 

32 

0 

79 

30 

91,241 

•  • 

Chur 

30 

52 

77 

29 

88,  136,  187,  220, 
222. 

xvm,  XXIV 

Da  Chu              . .                . . 

1 

32 

0 

97 

0 

128       . . 

•  • 
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• 

I.OMOITCOB. 

PAGES. 

CHABTS. 

Dagshai 

o 

30 

/ 

53 

77 

6 

213,  223 

•            •  » 

Daintar 

36 

20 

74 

8 

196       . . 

•              •  o 

Dainnal 

35 

14 

74 

35 

16        .. 

•                   ■   • 

Dal  . . 

U 

7 

74 

51 

199,  204 

•                   •   • 

Dalbousie 

32 

32 

75 

58 

166,  223 

XXXTT 

Damodur  Eund 

28 

4 

85 

26 

199       .. 

•          •  • 

Dandli 

33 

32 

74 

1 

266       . . 

•          •  • 

Dangra  Yum  Tso 

31 

6 

86 

31 

200       .. 

•          •  • 

Dangubash 

• 

« 

• 

• 

133       . . 

•          •  • 

Daphla  HiIIa 

27 

10 

93 

40 

216       . . 

•          •  • 

Dapsang 

35 

53 

76 

31 

16,  21,  67, 175 

•          •  • 

Daram£ 

• 

• 

■  • 

147       . . 

•          •  • 

Dara  Tso 

30 

57 

87 

31 

200       .. 

•          • . 

Darel 

35 

30 

75 

30 

80.  172 

•          •  • 

Darjeeling          . . 

27 

3 

88 

16 

7,8,9,13,14,24,43 

\,      VI,  ijoi,  xxvm 

53,  62,  216,  218,  220.                                     I 

228,  265,  267. 

Darkot 

36 

44 

73 

23 

102,  176 

XX 

Dayabhang 

28 

15 

85 

31 

6, 18,  33,  148 

•                   •  • 

Dayamur 

36 

14 

74 

35 

16         .. 

•                 •  • 

Deb  Ghat 

27 

47 

84 

28 

148       . . 

•                   •   • 

Deesa 

24 

15 

72 

12 

51         ., 

.                      .    ■ 

Dehra  Dim 

30 

19 

78 

3 

24,  30,  52  to  54.  8« 
117, 136, 163, 179, 

>,           X,  XI,  XIX,  XXIV 

Deo  Mir 

35 

14 

74 

35 

16 

Deoprayag 

30 

9 

78 

36 

139       . . 

Deosai 

35 

1 

75 

30 

8,  67,  170, 175       . 

Deotibba 

32 

13 

77 

24 

6,  19     . . 

Devadhunga 

27 

58 

86 

20 

20        .. 

Dhansiri 

26 

0 

93 

50 

•  ■                                 ■ 

XXX 

Dbarma 

30 

27 

80 

35 

91,  92, 141 

xm,  XXV 

Dharuisala 

32 

16 

76 

20 

30        .. 

xvin,  XXXII 

Dhauladhar 

32 

0 

77 

0 

72,  79,  87,  88,  16< 
166,  188,  192.  242. 

5,       XIV,  XVI,  xviii 

Dhauldgiri 

28 

42 

83 

30 

2,  16,  25,  28,  38,  31 
62,  77,  78,  83,  « 
148,  186,  188. 

},      in,  IV,  V,  xn,  xin, 

5,       XIV,    XVI,      XXVI, 

xxvn,  XXX,  XXXV, 

XXXVI. 

Dbauli 

30 

1 

45 

80 

0 

92,  133,    138,    13$ 
183, 196. 

),         XXIV 

Dbungri 

31 

6 

79 

25 

92         .. 

•                   •   ■ 

Diamir 

35 

15 

74 

30 

195       ,. 

•                 •  ■ 

Dibang 

28 

0 

96 

40 

158       . . 

XXX 

Di  Chu 

31 

0 

99 

0 

127,  129 

•               •  • 

Digi  La 

29 

4 

83 

32 

145,  147 

XXVI,  xxvn 

Digur  Thankft    . . 

'    28 

1 

40 

85 

40 

93 

•              •  • 

Dibang 

'    28 

0 

95 

30 

168, 159, 160 

XXX 

Dihing 

27 

25 

95 

50 

XXX 

Dikhu 

26 

55 

94 

30 

.. 

XXX 

Dikrang  R. 

27 

8 

93 

52 

216       . . 

•                   •  • 

Dingri 

28 

35 

87 

20 

66,  93, 160, 169      . 

Z2VUI 

Divanganj 

25 

10 

89 

46 

153       . . 

Donkia 

27 

57 

88 

61 

19,  84  . . 

Dorah 

36 

6 

71 

15 

102       . . 

Drang 

31 

48 

77 

1 

265       . . 

Dras 

34 

26 

75 

45 

91,    170,    173,   17< 
175. 

1 
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DrcCTio 
Dabmuii 
,  Dndli  Eosi 

i  Dndb  Eond 
Dogong 

DoSerin,  lee  Hoont. 
Dnmche 
Dtimpho 
Dnnagiri 
Dnngbnia 
Dang  Chaka 
Dnrang 
Dat  > 

Elysium  Hill      . . 
Everest,  see  Mount. 

Ferozepoie 
Firiiback 


Gandi 

OanHitnlA 

GiingflB 


OunRotri 

(laoring 
()«rbiang 
(UnUiac 
^Ucliwfil 

ytAiiwng 


o 

, 

o 

, 

31 

0 

99 

0 

36 

67 

74 

38 

27 

30 

86 

40 

27 

44 

86 

39 

30 

0 

91 

45 

33 

6 

79 

10 

30 

5 

88 

0 

30 

31 

79 

52 

34 

15 

92 

0 

29 

67 

89 

39 

33 

46 

76 

20 

30 

30 

94 

15 

31 

6 

77 

14 

30 

56 

74 

37 

28 

6 

86 

41 

27 

25 

84 

0 

30 

0 

78  ' 

'  10 

30 

63 

78 

62 

27 

28 

88 

47 

30 

0 

80 

0 

32 

66 

76 

43 

30 

8 

78 

48 

32 

0 

80 

16 

32 

0 

80 

16 

31 

40 

80 

30 

36 

46 

76 

39 

30 

65 

79 

10 

34 

0 

76 

0 

27 

58 

86 

20 

38 

60 

75 

20 

30 

40 

77 

0 

33 

0 

69 

0 

30 

0 

97 

15 

36 

'  54 

74  ' 

'  18 

6,19  .. 

84,  149,  161, 

181, 

185, 186. 

199   .. 

94 

112   .. 

6,  19  . . 

109, 110,  111 

21 

196   .. 

89,90,132,144,146, 

146,  147,  149,  186, 

190. 

147 

160      .. 

fil,  86,  89.  119,  120, 

125.  131  to  133,  135 

to  141, 114, 180, 188 

to  190, 211, 215, 222, 

262. 

6,  19,  78,  137,  138, 

195 

13 

141       .. 

6,19     .. 

215,  218,  220.  222 

233,  234,  235. 

174       .. 

174       .. 

164,174,180 

3,   17,  36,  40,   100, 

194. 196. 
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. 

• 

133,  144 

Eurseong 

26 

53 

88 

17 

24,  52,  53 

Eyagar  Tso 

33 

6 

78 

18 

199,  205 

Eyarda  Dun 

30 

30 

77 

31     1 

85,  136 

1 

Eyaring  Tso       . . 

31 

8 

88 

14    ! 

112,200 

p 
a   •                                                                                 1 

Eyi  .. 

29 

30 

91 

0 

156,  189,  220 

XXX 

Lachen-Lachoong 

27 

35 

88 

42 

15t       .. 

■    • 

La  Chen  R. 

27 

50 

88 

35 

221       .. 

«     ■ 

Ladak 

34 

0 

78 

0    1 

3,  23,  31,  32,  66,  71, 
72,    73,    91    to   95, 

Frontispiece,    xrv, 
XV,       xvn,     xxT, 

1 

101,    106,  111,  112, 

XXTTVn. 

I 

113,  116,   125,   147, 

1 

•    ' 

1 
1 

150,  156,    164,  171, 
179,  180, 181, 187  to 
190,  192,    220,  230, 
238,  241,  245,  256, 
265,  267. 

1 

Ladda 

33 

3 

75 

2 

265       .. 

■ . 

Laghman 

34 

35 

70 

5 

247       .. 

.  • 

Lahaul               •  • 

32 

40 

77 

0 

31,  84,  88,  192,  242, 
267. 

• . 

Tiandoor 

30 

28 

78 

6 

5,  89     .. 

vm,  XXIV 

LaniLa             •• 

30 

10 

92 

0 

109,110,111 

•  • 

GEOGRAPHICAL  INDEX. 
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Latitude. 

LOHOITDDB. 

Pages. 

Chabts. 

Lankpya 

30 

28 

0 

80 

36 

92,  141 

.        •  ■ 

Laowcbi 

31 

50 

79 

55 

94         .. 

•        •  • 

Larji 

31 

40 

77 

20 

88,  165,  180 

XV  ill,  zxzn 

Lasirmou 

34 

19 

77 

29 

94        .. 

•       •  • 

Leh  . . 

34 

10 

77 

34 

92,94,99,111,  116 
158,  205. 

y       xzn,  zxxrv 

Leo  Fargial 

31 

54 

78 

44 

6,  19,  22,  77, 91, 94 

,       XXIV,  XXXI,  xxxn, 

^ 

112,  113,   160,  163 
164,  186,  187. 

,       xxxiv. 

Lesser  Himalaya 

28 

0 

83 

0 

31,71,72,75,76,79 
86  to  90,  140,  141 
144,   148,  149,  153 

>,       Frontispiece,   xiv, 
,        XV,  xxxvu. 

■ 

179,   180,  181,  19C 

•      "". 

196. 

Lharing-po 

30 

0 

94 

21 

. .                . 

XXX 

Lhasa 

29 

41 

91 

10 

109,  111,  125,  155       xxn,  xxx,  xxxvi 
to  158, 174, 189,  220. 

Lhobrak 

28 

0 

91 

8 

154       . . 

XXTX 

Lhonak 

28 

0 

88 

30 

241       . . 

•                     •    • 

Lidar 

34 

0 

74 

50 

168,  245 

•                     •    • 

Likhu 

•     • 

•     « 

149       .. 

•                     •   • 

Lingzi  Thang 

35 

0 

79 

20 

07         .. 

XTV 

Lio   . . 

31 

53 

78 

39 

234       . . 

•                    •    • 

Lipu  Lekh 

30 

13 

81 

2 

92         .. 

•                    •    • 

Lissar 

30 

20 

80 

34 

91,  141 

XXV 

Listi  BhanRai     . . 

28 

0 

86 

30 

151       .. 

•                   •   • 

Little  Kara  Eul 

38 

30 

76 

18 

199       . . 

•                      •    • 

Lob  Nor 

39 

20 

89 

10 

64,  68, 105, 119, 12 
121,  198,  206. 

0,      Frontispiece 

Lodbra 

33 

9 

76 

8 

265       . . 

•               •  • 

Lohari  Naig 

■     • 

•  • 

110       . . 

•                •  • 

Lobit 

27 

50 

96 

0 

158       . . 

XXX 

Lopra 

28 

15 

90 

30 

178       . . 

■                      •    • 

Lora.. 

29 

0 

65 

0 

•  •                                 • 

Frontispiece 

Lu  Cbu 

•     fl 

•  • 

127,  128 

.        . . 

Ludbiana 

30 

55 

75 

51 

54        .. 

TCTT 

Lung 

29 

30 

93 

30 

•  •                                • 

TCXX 

Luni.. 

26 

0 

72 

0 

•  •                                • 

Frontispiece,  rx 

Lunkbo 

36 

47 

72 

26 

6,  19,  187 

XXT 

Ma  Cbu 

35 

0 

98 

0 

130       . . 

•                      •    • 

Madi 

28 

0 

84 

20 

181       .. 

xm,  XX vu,  xxxvu 

Mababarat 

27 

0 

86 

0 

72,  87,  89,  144, 14€ 
149. 

^       .. 

Mabadeo  Pokra 

27 

42 

85 

31 

7 

VI 

Makalu 

27 

53 

.87 

5 

2,9,  16,  21,  36,  37 
43,  62,  77. 

',       n,    ra,   VI,  xxviii, 

XXX. 

Malla  Jobai 

30 

23 

80 

13 

239      . . 

.                   .   . 

Maliingatti 

36 

20 

75 

15 

196      . . 

a                    a   • 

Mana 

30 

53 

79 

37 

39,  92,  195 

VU 

Manas 

26 

45 

91 

0 

125    132,     153     t( 
155,  182,  189,  190. 

a       Frontispiece,  xxttt, 

XXIX  XXX,  XXXVI. 

Manasarowai     . . 

30 

« 

43 

81 

26 

21,  32,  92,  93,    94 
95,  124,    125,    156 
157,    162,  163,  164 
178,  179,  200,   205 
241,  256. 

,      XXI,  xxm,    XXVI, 

,         XXX,  XXXI. 
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Mandakini 
Mandi 

Manghang 

Manirang 

Marsemik 

Marsyangdi 

Maru  Wardwan 

Masherbrum 

Mashobra 

Mastiij 

Medosi 

Mehowgala 

Mekong 

Memonamiiyimri 

Mer 

Mhovv 

Mian  Mir 

Migi 

Miju  Hills 

Milam 

Milamohi 

Mintaka 

Miri  Padam 

Mithan  Kot 

Mohan 

Mokieu  Tso 

Montcalm 

Mont  Moira 

Motretung,  se.?.  Tso  Motretung. 

Mount  Duffer  in. . 

Mount  Everest  . . 


I 


Mount  Godwin -Austen 

Mount  Humla    . . 

Muji . . 

Muktinath 

Muling 

Muni 

Munza  Kangri    . . 

Murghab 

Murree 

Murui-ussu 

Mushketof! 

Mussooreo 


.  Muth 

'  MuzafEarabad 
;  Muzaffarnagar 
j  Muztagh 

) 


30 
31 
30 
31 
U 

34 
35 

31 
36 
32 
33 
32 


37 
28 
28 
30 
30 
34 
30 

38 

w  I 


39 
28 
31 
33 
32 
36 
33 
33 
42 
30 


31 
34 

29 


30 
43 
26 
58 

7 

0 
39 

8 
18 
23 
13 

0 


30 

26 

34 

1 

22 

34 

31 

32 

30 

30 

28 

0 

30 

28 

3 
21 
55 
11 
56 
29 
52 

39 
59 


35        53 


0 
33 
13 
20 
20 

0 
55 
45 
15 
28 


58 
22 

28 


LOSOITUDE. 


Pages. 


79 
76 
80 

78 
78 

75 

76 

77 
72 
79 
74 
96 

81 
76 
75 
74 
91 
96 
80 

74 
95 

70 
77 
88 
86 
79 

75 

86 


74 
83 
79 
76 
87 
62 
73 
92 
80 
78 


78 
73 
77 


16 
56 
44 
22 
35 

30 
16 

17 
40 
27 
32 
0 

18 
3 
46 
23 
40 
30 
11 

55 
13 
23 
56 
57 
52 
0 

13 
56 


76        31 


45 

47 

16 

35 

16 

45 

25 

0 

0 

5 


6 
27 
42 


139,  181 

180,  265 

92 

84 

94         .. 

147 

160,  168,  195,  196 

3,  10,  17,   40,    100, 

194. 

223      . . 

133,177 

265       .. 

66,81,  82,  119,  120, 

127,  128,  129. 

17 

6,14,19,36,79,175 

139       . . 

55 

218,227  ."! 

193,  195  •     . . 

149       . . 

vi/  .  ,  ,  , 

lDi7  .   .  •  . 

172  .. 
85 

200  . . 

200  . . 

17 

1,  7,  9,  16,  20,    21, 

26,  27,    36,  37',   39, 

43,  44,   45,  58,  61, 

62,  63,  77,   83,  149, 

150,  151,  152,  187. 

16,  22  . . 

lo  . .  . . 

121       .. 

147       .. 

<'^         . .  • . 

196       . . 

114       .. 

214,242,246 

104,  129 

193,197 

5,  9,  24,  62,  63,  72, 

87,    89,     135,     136, 

139,  209,  218,   220, 

222,  223. 

169,170 

oi        . .  • . 


Chabts. 


XXIV,  XXXVII 


xxxm 


xxxm 

XIV,    XX,    xxxm, 

XXXIV,    XXXV. 
XXXIV 


Frontispiece,  xvn, 
xxin. 


XXX 


XXX 

XIX 


Frontispiece,    i,  ii, 

III,  IV,  V,  VI. 


xxvn 


Frontispiece 
xxxin,  XXXIV 


xxxm 
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Latitude. 

LOKIXTCDa. 

Paoks. 

CUABTS. 

Miiztagh  AU     ••    ^ 

38 

17 

o 

75 

/ 

7 

4,  11. 12,  18,  23,  41, 

V,  XXXV 

K.V- 

46,  97,  121. 

MywaOuola 

«      ■ 

• 

• 

164      . . 

•    • 

Nagar 

36 

16 

74 

45 

247      . . 

■    • 

NagChuKha     .. 

31 

36 

94 

0 

128      . . 

•    • 

M^gong 

29 

16 

96 

0 

•     •                                                                •    • 

XXX 

Nagsidh 

30 

14 

78 

6 

85 

XIX 

Nag  Tibba 

30 

86 

78 

9 

72,  87,  88,  89,  136, 

XVUI 

4 

138,  141,  166, 187. 

Nahan                ••• 

30 

32 

77 

21 

210      

Nai  ..                •• 

32 

30 

76 

0 

166      . . 

•    • 

NaiTii  Tal 

29 

28 

79 

28 

199,  20$,  204,  222  . . 

vn,  X,  XI,  XXV 

Nainpu 

29 

86 

93 

40 

•     •                                                               •    • 

XXX 

Naktsong          •« 

90 

21 

90 

1 

200      . . 

•   • 

Naku 

28 

3 

86 

30 

84 

•  • 

NamChu 

30 

40 

98 

0 

126 

•  ■ 

Namju 

« 

• 

• 

19 

■  • 

Nampa               .« 

30 

1 

81 

0 

6,  12,  13,  19,  77,  78, 
91,125,144. 

X,  XI,  XVI,  XXXV 

r 

NamTso           •• 

30 

43 

90 

30 

110,112,126,200.. 

.    . 

Nana,  see  Set. 

Nanda  Devi 

30 

23 

79 

56 

3,  11,  17,38,45,  77, 
78,  83,  95, 141, 178, 

IV,  V,  viT,  vin,  X, 
XI,  xn,   xni,    Ttv, 

1 

186, 187, 195. 

XVI,       XXIV,      XXV 

1 

XXXT,  XXXV. 

Nandakna          ••                .« 

30 

21 

79 

43     , 

6, 19     . . 

•  • 

Nandakot          •  • 

30 

17 

80 

4 

6, 19     . . 

vn 

Nanga  Parbat    •  • 

36 

14 

74 

36 

2,  3,  10,  16,  17,  28, 
29,    32,  38,   39,   42, 
43,  45,   79,     80,83, 
160,  186,  187. 

♦  in,    IV,   V,   xra, 
xxxni,       XXXIV, 

XXXV,  XXXVI. 

Nanshan            •• 

38 

40 

96 

0 

104       ..                .. 

•     9 

Napchitai-nlaii-^ailren 

35 

15 

94 

0 

129       .. 

• 
•     • 

Narayaoi            ••           •     .. 

27 

30 

84 

10 

147,  148,  178 

•     9 

Nari    Khoz8am,t   iee  Ngari 

Khontun. 

Narkanda          « « 

31 

17 

77 

28 

62,  78  . . 

•     • 

Naising              .•                .. 

27 

31 

88 

17 

6,  19    .. 

Vi 

Navar 

30 

0 

78 

40 

89 

•   • 

NduChu 

33 

46 

96 

0 

129       .. 

•   • 

Nda     ..            ••.               .. 

31 

10 

78 

45 

196       . . 

•    • 

Nepal                 •  • 

27 

42 

85 

12 

211,  215,  216,  217, 
220,    221,222,    236, 
241. 

•   • 

Nepal  Himalaya 

28 

0 

87 

0 

1, 2, 3,  4,  5,  6,  9,  76, 

xin 

> 

77,  78,     79,  83,  84, 
87,   90,    116,      144, 

187, 195,  199. 

Nerbudda 

22 

0 

74 

0 

•  •                •  • 

IX 

Nezatash 

37 

58 

74 

1 

105      .. 

•  • 

Nganzi  Tbo 

31 

2 

87 

0 

200      . . 

• . 

Ngari  Khoisum  .  • 

31 

0 

80 

> 

0 

11,66,67,163.   164, 
192,  206,  230,    231, 
238,    240,  253,  255, 

•  • 

256,  258,  269.  264. 

1 

*  The  piotuie  of  Nanga  Parbat  peak  will  be  foand  faciog  page  39. 
t  See  page  230  (footnote}). 
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LOHGITUDX. 

Paoks. 

Chabts. 

Nichnng 

0 

33 

/ 

17 

0 

78 

/ 

39 

a    .                                                 .    • 

XXXIV 

Nilakanta 

30 

44 

79 

24 

6,19     .. 

VIT 

Nilam 

28 

30 

86 

30 

151       .. 

•  j» 

Nilang 

32 

35 

77 

17 

62, 196 

•  0 . 

Nimo  Namlinff   . . 
NmchinthaDgb  . . 

30 

26 

81 

18 

17 

•  • 

30 

20 

90 

0 

31,  72,  81,  82,  95, 

Ilcontispiece,     xvn 

99,    109,    110,  111, 

«  • 

114, 156. 

« 

Ning  Kangii 

32 

15 

83 

0 

114       .. 

•  • 

Ningru 

30 

0 

80 

56 

13, 18  .. 

•  f^- 

Nirpania-ki-Danda 

• 

• 

•     4 

» 

142       .. 

•  * 

Nissa 

36 

0 

79 

20 

197       .. 

•♦•. 

Nithal 

31 

15 

78 

45 

196       .. 

•,• 

Niti  . . 

30 

58 

79 

53 

92, 138,  238 

X«XI 

Noh  . . 

33 

37 

79 

45 

112       .. 

•  » 

Nojinkang  Sang. . 

28 

57 

90 

11 

113       . . 

•  • 

Nojli 

29 

53 

77 

40 

30,52  .. 

• 

No  pass 

28 

52 

84 

37 

94,148 

xxvu 

North  KanliTnir  range 

34 

20 

75 

20 

72,  87,  88 

XIV 

Nubra 

35 

0 

77 

23 

40,  96,    96,   98,  99, 
175, 176, 194, 196. 

XX,  xxxrv,  xxxvi 

Nu  Chu 

30 

0 

97 

15 

127, 128 

•  • 
ft 

Nukchung  R.     . . 

31 

8 

80 

10 

268      .. 

•  • 

Nuksan 

36 

22 

71 

33 

102       .. 

•  • 

Nun  Kun  («e6  Ser  and  Mer)  .. 

34 

0 

76 

4 

14,  19,  79,  124,  168, 
176, 195, 197,  242. 

•  • 
» . 

Nushau 

36 

26 

71 

50 

lo 

WX 

Nyang 

29 

0 

89 

35 

92,  93,  95,  126. 166, 
189. 

•  • 

Ohind 

34 

0 

72 

25 

171       .. 

•  • 

Onchu 

• 

• 

•  • 

178      .. 

•  # , 

Onlet 

28 

27 

95 

10 

159      . . 

XXX 

Oprang 

36 

20 

76 

0 

121, 183, 188 

X^,  XXXVI 

Oring  Nor 

34 

49 

97 

49 

129,  200 

•  • 

Oxns 

37 

0 

68 

0 

69,     70,    82,     101, 

Frontispiece,   xvii, 

105,  119,    120,  122, 
123,  138, 187,  201. 

xxT,  xxni,    XXXIV, 
x;;kxv,  xxxvi. 

PabarR. 

31 

0 

77 

54 

224       ..                .. 

•  9  . 

Padam 

33 

28 

76 

53 

174, 175 

x^vr 

Padar 

33 

25 

76 

25 

265 

•  t .                . 

Paghman 

34 

46 

69 

0 

247       . . 

•  • 

Pahlgam 

34 

2 

75 

23 

245      .. 

. . 

Palgu  Tso 

28 

53 

85 

33 

93, 160, 199 

xxvin 

Palti 

28 

55 

90 

46 

200      .. 

,     XXXVI 

Pamir 

38 

0 

74 

0 

64,  68,  69,  70,  100, 
105  to  107, 119, 199, 
247,  264. 

Frontispiece,  xxxv 

Panch  Chnlhi     . . 

30 

13 

80 

26 

6, 19     . . 

vii 

Panch  Pokri 

• 

• 

•  • 

161       . . 

•  • 

Pandim 

27 

35 

88 

13 

6,  19     . . 

VI 

Pangong 

33 

57 

78 

27 

95,    111,   126,    188 
192,    200,     202   to 

XXXVI 

204,  242,  263. 

1 

*  The  piofcure  of  Nojli  Tower  will  be  found  faoing  page  30. 
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Latitude. 

LONOITUDS. 

Paoes. 

Chaxts. 

1 

Pangula 

o 

28 

/ 

6 

o 

86 

35 

84, 151, 152 

•  • 

Panj 

37 

10 

74 

20 

123       . . 

a    « 

Panjkora 

35 

12 

72 

0 

a    a                                                 a    a 

XXXIV 

Panjshir 

35 

30 

69 

50 

82,    101,    102,    123, 
177. 

XX,  XXT,  XXXIV 

Passang 

30 

30 

93 

30 

•     •                                                                •     • 

XXX 

Pasu 

36 

30 

74 

45 

196       . . 

•  • 

Pathankot 

32 

17 

75 

39 

54 

a   • 

Patli  Dun 

29 

35 

78 

55 

85, 140,  141 

•  • 

Pauhiinri 

27 

57 

88 

51 

6,  19,  77 

a   • 

Peak,  Indus-Nagai  Watei- 

36 

0 

74 

53 

269       . . 

•  • 

shed  No.  2. 

Peak,  Kuen  Lon  Na  1 

35 

48 

81 

9 

270       . . 

•   • 

Pede 

>  . 

■ 

• 

200       . . 

■  • 

Pemakoi 

29 

37 

94 

17 

143,  159 

a    • 

Phallut 

27 

13 

88 

1 

9,  20,  26 

XV 

Phari 

27 

30 

89 

0 

14,  234,  241 

•    • 

Photu 

29 

24 

83 

58 

94,  147,  155,  188    . . 

XXVI,  xxvn,  XXX, 

XXXVl. 

Phungatoii 

35 

15 

74 

35 

195                   .    a 

a    • 

Piahte 

< 

1   a 

• 

■ 

200              a   . 

a    a 

Pindar 

30 

6 

79 

30 

88, 138, 141, 179, 221 

XXIV 

Pir  Panjal 

34 

0 

74 

30 

72,   79,  84,  87,  88, 
89,  117,  166  to  169, 
188,  224,  225,  242, 

XIV,  XVI,  xvin 

243. 

Pitak 

34 

15 

77 

36 

171                  a    a 

•    • 

Po  . . 

32 

3 

78 

23 

234                   a    a 

•   • 

Potamolam 

30 

30 

91 

49 

114                   a. 

•    • 

Po-tung-do 

30 

0 

95 

15 

1 

•    •                                             •    ■ 

XXX                      , 

Praig  Chu 

27 

31 

88 

14 

262                  a. 

•    • 

Prool 

33 

40 

76 

5 

196                   a    a                                                 aa        , 

•    • 

Prospect  Hill    . . 

31 

5 

77 

12 

224             a  . 

•  • 

Puga 

33 

13 

78 

20 

265,  267 

•    • 

Punch 

33 

45 

74 

5 

89 

xxxm 

Punjab  Himalaya 

34 

0 

76 

0 

2,  3,  5, 6,  74,  76,  78, 

XIII 

• 

79,  83,  84,  116,  124, 
161,   178,   187,  189, 
195,  196,  199. 

_ 

Quetta 

30 

12 

67 

1 

•  •                                •  • 

IX 

Raffa 

29 

27 

87 

0    I 

82,  95, 156 

XV,  XXX 

Raidak 

27 

0 

90 

0 

62,  85,  125, 132,  153, 
154,  155,  182, 190a 

Frontispiece,  xxui, 
xxvin,  xxix»  xxXa 

Rajpur 

30 

24 

78 

6 

D2                       a    a 

Rakaposhi 

36 

9 

74 

29 

3,  9,  10,  11,  17,  32, 
41,  43,  45,  80,  96, 
160,   176,   186,  194, 
196. 

IV,  V,  XXXIV,  XXXV, 

XXXVIa 

Rakas  Tal 

30 

42 

81 

13 

94, 162, 163, 165, 200 

•  • 

Rakiot 

35 

20 

74 

37 

19o 

■    • 

Ramganga 

29 

33 

79 

0 

132,    133,    135,    140, 
141, 179,  181a 

XXIII,  XXIV,  XXV 

Ranak 

*  • 

• 

. 

171                    .a 

a    a 

Rang 

29 

8 

90 

0 

156,157 

XXX 

Randt              •• 

• 

27 

12 

8« 

20 

•  •                                *  • 

XXVIll 

U  2 
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1 

LOKOITtTDS. 

Paobs. 

Chabts. 

RangKul 

o 

38 

35 

o 

74 

/ 

20 

i 

I 

70, 199 

•  • 

Rapti 

28 

2 

82 

0 

132, 144, 146, 181  . . 

xxin  XXVI,  xxvH, 

XXXVI. 

Baskam 

36 

25 

76 

30 

121       .. 

•   • 

Batiiong  Chu  . . 

27 

30 

88 

11 

262       . . 

•   • 

RattanPir 

33 

35 

74 

23 

72,  87,  89 

•  • 

Ravi 

32 

» 

35 

76 

0 

85,  88,  90,  131,  182, 
161,    166,  166,  168, 
178,   180,   181,   188, 
196,  214. 

Frontispiece,     ix, 
xiY,  xviii^xxm, 
xxxn,      Txxm, 

XXXVI. 

Remo 

35 

15 

77 

25 

196       .. 

•  » 

Reru 

33 

8 

76 

56 

196       .. 

•  • 

Rich 

36 

45 

73 

25 

196       .. 

•  • 

Rishipjerab 

36 

41 

74 

40 

267       .. 

•  • 

RohiUdiand 

29 

0 

79 

0 

136 

•  • 

Rohtang 

32 

21 

77 

14 

84,165 

XXXI,  xxxji,  xxxin 

Rong 

29 

8 

90 

0 

202       .. 

•  • 

Rudok 

33 

26 

79 

42 

99,  111,  241,  266    . . 

•  • 

Rukcliu  («2^.  Rupshu) 

i    33 

0 

78 

0 

91 

•  • 

Rundun 

33 

45 

76 

10 

196 

•  • 

Rupal 

35 

10 

74 

40 

124, 194, 195 

•  • 

Rupshu 

33 

0 

78 

0 

203       .. 

•  • 

Sabavchy 

41 

55 

80 

0 

197       . . 

•  • 

Sad  Jshtragh  . . 

36 

33 

72 

7 

4,  18,  41,  102,  187, 
196. 

XX,  XXI 

Sadiya 

27 

50 

95 

40 

155, 159 

Safed  Kohs       . . 

34 

0 

70 

0 

97         .. 

Saichar  Ghaiuri 

35 

20 

77 

10 

175, 194, 196 

Saichu 

40 

12 

94 

43 

109       .. 

Saighan 

35 

10 

67 

45 

248       .. 

Sairam  Noi 

44 

35 

81 

10 

198       .. 

Sajum 

33 

19 

79 

2 

96        .. 

Sakiz  Jarab 

36 

45 

73 

40 

196       .. 

Saltoro 

35 

30 

76 

50 

■  •                      *         •  • 

XX 

Salt  Range 

32 

40 

73 

0 

232, 246, 263,  264  . . 

•  • 

Salween 

28 

0 

98 

30 

66,81,82,110,  119, 
120, 126  to  129, 169. 

Frontispiece,   xvu, 

XXIII. 

Sama 

27 

46 

93 

55 

159      .. 

Samdankang  Jang 

30 

50 

91 

30 

113,114,119 

Samden  Ehansa 

30 

48 

91 

26 

114      .. 

Samye 

29 

17 

91 

28 

•  •                                •  • 

Sandakphu 

27 

6 

88 

0 

7,8,9,26,43,53   .. 

VI 

Sangarmarg 

33 

10 

74 

40 

265      .. 

Sangpo 

29 

12 

90 

0 

Ill,  127,  128,  157, 
158,  159,  160,  271. 

V   ' 

Sanjauli 

31 

6 

77 

15 

223      .. 

— *•  -  \ 

Sankos  R. 

26 

45 

90 

0 

216      .. 

Saraswati 

30 

30 

78 

0 

92,  135 

Sarda                •• 

•  < 

► 

• 

• 

133,141 

Sargaroin 

31 

6 

78 

30 

6,  19    .. 

VIU 

Sariati 

42 

15 

79 

0 

121       .. 

•  •                                                            . 

Saciko] 

38 

0 

75 

0 

1 
1 

12,  31,  68,    69,   72, 
73, 105, 106, 122, 133. 

Frontispiece,  ;tvii  ' 

Sarju 

28 

23 

81 

30 

88,  133,    141,     144, 

XXV,  XXVI 

145. 

1 
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1 

Latitude. 

LONOITUDK. 

Packs. 

Charts. 

Satopanth 

o 

30 

50 

79 

20 

138, 195 

vra 

Seistan 

31 

0 

61 

50 

119      .. 

»  •     '          •  • 

SemenoS 

42 

20 

80 

0 

194,  197 

k  • 

•  • 

Senchal 

26 

59 

88 

18 

13,  14,  26,  27 

>  • 

•  ■ 

Ser . . 

33 

59 

76 

2 

6,    14,   19,  33,   79, 

xm,  xxxn,  xxxiii, 

175. 

XXXIV. 

Sesiri 

28 

11 

95 

31 

158      . . 

•  • 

Seti 

29 

12 

81 

0 

181       .. 

XXVI,  xxxvn 

Sha 

32 

25 

76 

50 

196       . . 

V      « 

Shafut 

33 

57 

76 

5 

195       . . 

•    • 

Shahdulla 

36 

25 

78 

4 

122       . . 

•    • 

Shall 

31 

11 

77 

20 

222       . . 

■     • 

Shalkar 

32 

0 

78 

36 

•  ■                                « 

XXXI 

Shalshal 

30 

49 

80 

4 

92       .. 

•    • 

Shans; 

29 

32 

89 

0 

156       . . 

XXX 

Shankalpa 

30 

21 

80 

23 

267       . . 

•    • 

Sharak  Kushta 

34 

25 

66 

30 

102       . . 

•     • 

Shartli 

34 

48 

74 

12 

170       . . 

•     • 

Shatul 

31 

24 

77 

57 

84         .. 

•    • 

Shawitakh 

36 

52 

73 

26 

102       .. 

•    • 

Shemen  Tso     .  • 

34 

2 

81 

39 

200       .. 

•    • 

Sheru 

29 

2 

86 

14 

94        .. 

•    • 

Shesha  Nag 

34 

0 

73 

50 

168       .. 

•    • 

Shigar             ..                ..   ' 

35 

20 

75 

40 

173,  175,  176,  188, 
196. 

XXXIV,  XXXVI 

Shicatze 

^3 

29 

!• 

88 

54 

165,156,158,272.. 

•    • 

Shigri 

32 

17 

77 

40 

167,  267 

•  • 

Shilk 

32 

24 

78 

12 

91,  94  . . 

XXXI,  XXXIV 

Shimnhal 

36 

27 

75 

36 

99,  188 

X33IV,   XXXVI 

Shingo 

34 

40 

75 

30 

175       . . 

•    • 

Shipki 

31 

49 

78 

48 

163,  164,  165 

XI,XXXT 

Sholaning 

31 

28 

78 

46 

uZ          . .                     .  • 

•    ■ 

Shorta  Sangpo 

29 

34 

85 

29 

148,  271                 -. 

•    • 

Shudu-Tshenpa 

27 

57 

88 

50 

■  ■                 •  • 

xiLvm,  XXIX,  XXX 

Shuga 

36 

60 

96 

0 

104,  129,  130 

•    • 

Shyal 

■ 

• 

•  « 

128       .. 

•   • 

Shyalchikang  Jang 

31 

45 

84 

46 

114       .. 

•    • 

Shyok 

34 

48 

77 

0 

40,  82,  94,  95,  86, 
98,99,123,  124,171, 
173,  174,  175,  188, 
196. 

XX,   XXXIV,  XXXVI 

• 

"     r- 

1 

Siah  Koh 

34 

20 

70 

0 

221       .. 

•     9 

Sikkim 

27 

5 

88 

19 

220,  221,  227,  228, 
241,  262,  267, 

•    • 

„      Himalaya 

27 

40 

88 

10 

60,  163,  195 

•    • 

Siliguri 

26 

42 

88 

25 

24,  52,  54 

•  • 

Silikank 

30 

53 

79 

56 

9iu               • .               .  • 

•    • 

Simla 

31 

6 

77 

10 

53, 88, 131,  214,  218, 
220, 222.  223, 224. 

X,  XI,  XXIV,  XXXI 

Simvo 

27 

41 

88 

15 

6,9.19 

•  • 

Sind 

25 

45 

78 

15 

171,262 

xxxin 

Sindong,  see  Qyala  Sindong. 

Singalila 

27 

6 

88 

0 

9.  20,  43,  62,  77,  78, 

«    • 

89,  152,  270. 

Singhgi 

32 

27 

81 

0 

95,  173,  174 

•   • 

Singhgi  Tja  (Singala)          : . 

33 

58 

76 

54 

238,  245 

•   > 
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Sinji  Chogyal 

Sir-i-Kul 

Sirkanda 

Sirmur 

Siro 

Sisu 

Siwalik 


Skardo 
Solan 
h?onapani 
Son  Kul 
Spiti 


Srikanta 

Srinagar 

Ssuchuan 

Subansiii 

Subathu 

Suliman 

Sun  Kosi 

Suraj-dul 

Suru 

Sutlej 


Swat 
Sweti-Gandaki 

Tagharma 

Taghdumba&h 

TakachuU 

Takla  Kar 

Takla  Makan 

Taku 

TalR. 

Talung 

Tamba  Kosi 

Tambar 

Tambur 

Tamor 

Tamru 

Tandi 


Pamir 


Latitude.        Lomoitudk. 


Paoxs. 


29 
37 
30 
30 
33 
32 
29 


35 
30 
32 
41 
32 


34 
29 
28 
30 
30 
27 
32 
34 
31 


37 
26 
25 
33 
12 
30 
0 


19 
55 
25 
50 
10 


30        57 


4 
30 

0 
58 

0 

0 
45 

7 
43 


34        37 


28 

6 

38 

17 

37 

12 

30 

13 

30 

17 

39 

0 

29 

3 

30 

0 

27 

32 

27 

30 

27 

0 

94 
73 

78 
77 
74 
77 
80 


75 
77 
72 
75 
78 


74 
104 
94 
T7 
69 
87 
77 
75 
79 


72 


86 
75 
75 

80 
81 
i  80 
I  85 
;  78 
I  88 
86 
87 


17 
46 
17 
42 
30 
10 
0 


38 
9 

20 

10 

0 


78        48 


49 
30 
15 

2 
50 

0 
26 
58 

0 


0 


40 
7 
0 

26 
7 
0 
8 

19 

30 
0 

30 


32        35         76        50 


159      .. 

21,  67,  70,  199 

89 

222      . . 

265      .. 

196      .. 

30,  51,  66,  71  to  76, 

86,    86,    135,    136, 

140,  141,  153,  164, 

165,  179,  188  to  190. 
171,  172,  173,190.. 
223,  224 

196       . . 

84,  91,  92,  124,  160, 
164,  178,  181,  197. 
219,  225,  226,  231, 
232,  233,  234,  237, 
252,  266. 
6,  19,  139 

180,  204,  225,  244 
66,  67,  73 
158,  160,  234,  241 
214 

149,  178,  179    ; 

167 

175,  195,  196 

6,  59,  62,  66,  67,  74, 

78,  79,  85,  88  to  90, 

92,    94,    124,     126, 

127,   131,   133,   135, 

144,  155  to  157,  160 

tol65,168,  178, 180, 

i82,  184  to  186,  188, 

189,   196,   J  97,  220, 

259,  264,  266. 

82,  177 

147       . . 

2,  9,  16 

11,  12,  17,  18,  105*.! 

70,105,133 

141       .. 

144       . . 

122       . . 

94 

215       .. 

149,  150 

84,  150,  152,  181,  195 

150,  154 

149,  150,  152 

150,  152 

166,  167,  180 


Charts. 


•  • .. 


Frontispiece,   xiv, 
XV,  XIX,    xxxvn. 


XXXIV 


XVI,  XXXI 


vni,  XXIV,  xxxf, 

XXXIV. 

xxxm 


Frontispiece 
XV,  xxvni 


Frontispiece,  ix,  x, 
XI,  xni,  xiv^  XVI, 
xvin,  XIX,  XXI, 
xxin,  XXIV,  XXV, 
XXVI,  XXXI,  xxxn, 
xxxm,  XXIV, 

XXXVI,  xxxvn. 


XVII,  XXXIV 


XXVIII 

xxvm 

xui,  xxvin,  xxxvii 
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Latitude. 


Tang 

Tangitar 

Tangla 

Target 

Target  Yap 

Tarim 


Tashing 
Tashkurgan 

Tawi 
Tenga 

Tengri  Khan 
Tengri  Nor 

Terek 

Tertse 

Thanglang 

Thangra 

Tharlasagar 

Thok  Jalung 

Tian  Shan 


Tibet  Lake  basin 

Tibrikot 

Tihri 

Tila 

Tilail 

Tipta 

Tirich  Mir 


Tisnaf 
Tista 


Tonglu 

Tongul 

Tons 

Tossun  Nor 

Tradom 

Tragbal 

Trans  Aldi 

Triheni 

Trisul 

Trisuli  Gandak 

Tsaidam 

Tsang 


27 

33 

30 
30 
40 


35 
37 

33 

27 
42 
30 


28 
33 
30 
32 
42 


33 

28 
30 
29 
34 
27 
36 


27 


27 
34 
31 
35 
29 
34 
39 
27 
30 
28 
37 


50 

0 
40 
40 

0 


13 
45 

0 
49 
24 

40 


28 
10 
52 
28 
20 


0 
36 
23 
13 
34 
50 
22 


0 


2 

4 

0 

18 

39 

35 

0 

28 

17 

0 

0 


LONQITtTDE. 


89      10 


92 
86 
86 
80 


74 
75 

75 
95 

80 
90 


86 
78 
79 
81 
80 


84 
82 
78 
82 
76 
87 
71 


88 
75 
77 
98 
84 
74 
72 
83 
79 
85 
92 


0 
15 
15 
30 


46 
22 

15 
49 
17 
30 


21 

45 

0 

37 

0 


0 
44 
30 
0 
3 
40 
51 


88    28 


5 

56 
52 
41 
11 
40 

0 
57 
50 
20 

0 


Pages. 


28    30  !  90   30 


84 

107   .. 

109,  110,  111,  129 
\   112,  128 
1  113,  114 

!  47,  64,  67,  70,  97, 
I  102,  103,  105,  108, 
'  119  to  123, 126, 198, 
;  201,  206. 

194,  195 

70,  105,  121,  123, 

133,  138. 

. .       •  • 

158 

:  6, 14, 19, 31, 107, 121 
j  109,  110,  126,  128, 
i  200. 

107   .. 
I  175   .. 

84,151 

94,  171,  190 

6,  19  . . 

266 

6,  14,  31,  64,  68,  69, 

72,  73,  105  to  107, 

116, 117, 119  to  122, 

193,  194,  197,  198, 

247. 

271 

145 

139   .. 

170,  244 

83 

3,  4,  11,  17,  18,  32, 

36,  41,  42,  43,  69, 

98,  101,  102,  122, 

123,  186,  196. 

5,  62,  77,  82,  84,  86, 
89,  90, 132, 153, 154, 
181,  185,  195,  221, 
228,  262. 

14,  52  .. 

89,  135^  181,  224  ! ! 
200   . . 
155,  167 

6,  31,  68,  72,  107,  108 
147   .. 

6,  19,  147 

83,  146, 148,  186,  188 

66,67,104,1-6,129, 

201. 

192,  205 


Charts. 


Frontispiece,  xiv, 
XXII,  xxni,  XXXIV, 


xxxm 


Frontispiece,       v, 
xvn,  xxixv. 


XXVI 


IV,  V,  XX,  XXI, 
XXXIV,  XXXV,  XXXVI 


Frontispiece,     xii, 
XIII,  xxin,  xxviii, 

XXIX,  XXX,  XXXVI. 

XV 
XXXIV 

X,  XI,  XXIV,  xxxvn 


Frontispiece 

VII,  xxrv,  XXXI 
xin,  xxvn,  xxxvi 
Frontispiece,  xxui 


) « 
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IiATlTITDE. 

LOMCITCUK. 

Paoes. 

Charts. 

Tsangpo,  see  Sangpo. 

o 

/ 

O 

/ 

Tsaring  Nor     . . 

u 

53 

97 

6 

129,  200 

•  • 

Tsati 

U 

32 

77 

43 

176 

■ 
•  • 

Tso  Kar 

33 

18 

78 

e 

l«f9                                               •  • 

•  • 

Tso  Eyagar,  see  Eyagai  Tso. 

Tso  M<imii      1.  • 

32 

53 

78 

20 

199,202,203,204.. 

•  • 

Tbo  Motreiimg 

28 

26 

88 

11 

150,  199,  205 

XXVIII 

Tso  Phomo  (SaBg 

28 

36 

90 

20 

199      . . 

•    • 

Tso  RombudRa 

28 

48 

90 

51 

199       . . 

•    • 

Tso  Tigu 

28 

40 

91 

46 

199       . . 

•    • 

Tuan 

33 

3 

76 

35 

196 

•   ■ 

Tuna 

27 

58 

89 

16 

241       . . 

•      V 

Tungchen 

28 

55 

90 

50 

200      . . 

•    • 

Turkistan,  Russian 

• « 

•    a 

248       .. 

•    • 

Turtuk 

34 

50 

76 

48 

175 

•    • 

Ullug  Muztagh 

36 

30 

87 

20 

115      .. 

•    • 

Ulu-Art 

39 

0 

74 

45 

105,121 

• 

•  •                  •  1     1 

Unmaru 

34 

43 

77 

16 

175      . . 

•    • 

Untadhura 

30 

34 

80 

14 

92        . . 

•    • 

Uri 

34 

5 

74 

0 

169,  224,  225 

•    • 

Uzbel 

38 

40 

73 

50 

105      . . 

•    • 

Victoria  Laike  .. 

37 

26 

73 

46 

21,  199 

•    • 

Vihi  .. 

34 

4 

75 

0 

225,  244 

•    • 

Vindhya           ..             '  .. 

23 

0 

78 

0 

47, 136 

•    • 

Virnag 

33 

32 

75 

14 

168 

•   • 

Vishnuganga   .. 

30 

40 

79 

37 

77,92,138,195     .. 

XXIV 

Wakhan 

37 

0 

73 

0 

70,247.. 

•   • 

Wardwan,  see  Mara  War- 

dwan. 

Wasmu 

36 

25 

73 

0 

196       .. 

.   • 

VVular 

34 

21 

74 

35 

165,  168,  169,   170, 
199. 

xxxm 

Wulas 

32 

19 

76 

50 

166       .. 

•  • 

Yala 

29 

10 

91 

50 

a    •                                                     .    . 

XXX 

Yala  Shimbo   . . 

28 

48 

91 

59 

113       .. 

•    • 

Yalung 

27 

40 

88 

0 

152,  195 

•   • 

Tambulak 

38 

17 

75 

5 

197       . . 

•    • 

Yamdrok  Tso  . . 

28 

55 

90 

46 

95,  156, 157, 189,  200, 
202,  203,  204,  271. 

XXX,   XXXVI 

Yangla  Dhar    . . 

■     t 

*     • 

142       . . 

.   . 

Yang-sang 

29 

10 

95 

0 

.  •                 .  • 

XXX 

Yangtze 

33 

40 

96 

0 

66,  67,  81.  82,  105, 

Frontispiece,  xvii. 

110,    119,    120,    126 
to  129. 

XXIll. 

Yanymya 

39 

0 

74 

45 

121       .. 

•  • 

Yarkand 

38 

25 

77 

13 

66,  70,  73,  103,  121, 
122,  183, 188,  247. 

Frontispiece,  xiv, 

XXXVI. 

-  Yarkhun 

36 

33 

72 

55 

101       .. 

XX,  XXI 

Yarn 

28 

14 

88 

0 

150       .. 

XXVJJI 

Yasin 

36 

22 

73 

10 

133       .. 

XXXIV                ' 

Yeshil  Kul       . . 

37 

45 

7S 

2 

70,199 

.   . 

Yurangkash     .. 

37 

0 

80 

0 

122,  186,  188 

XXXVI 
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LONOinTDK. 

Paoe& 

ClTARTS. 

Zaiafshan 

o 

36 

/ 

0 

78 

0 

97,  121 

■     • 

Zaskar* 

34 

0 

77 

20 

3,  6,  31,  32,  72,  77, 
79,  91,  92,  94,  101, 
113,  116,  125,  141, 
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